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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the

work.

The procedures used to develop this document and those intended for its further maintenance
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Introduction

The technology of radio frequency identification (RFID) is based on non-contact electronic
communication across an air interface. The structure of the bits stored on the memory of the RFID tag
is invisible and accessible between the RFID tag and the interrogator only by the use of an air interface
protocol, as specified in the appropriate part of the ISO/IEC 18000 series. The result of the transfer
of data between an application and an interrogator in open systems requires data to be encoded in a
consistent manner on any RFID tag that is part of that open system. This is not only to allow equipment
to be interoperable, but in the special case of data carriers, for the data to be encoded on the RFID tag
in one system's implementation for it to be read at a later time in a completely different and unknown
system's implementation. The data bits stored on each RFID tag must be formatted in such a way as
to be reliably|read at the point of use if the RFID tag is to fulfil its basic objective. This reliability is

achieved thr

in ISO/IEC 1p961-1 and the data encoding rules of this document. Additionally, ISO/IEC 2
specifies a software system infrastructure architecture that enables RFID system opgrations bd
business appllications and RFID interrogators. Specific parts of the ISO/IEC 24791 series addre;
management [requirements (ISO/IEC 24791-2) and device interface requirements’-(ISO/IEC 24

These suppo
functional ru

Manufacturer
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ISO/IEC 1596
which is layer
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ISO/IEC 1596
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1791-1
tween
s data
y91-5).

defined implementations that incorporate the encoding rules of this document and the

es of the commands and responses in ISO/IEC 15961-1.

s of RFID equipment (e.g. interrogators, RFID tags) and-the users of RFID tech
andards-based Data Protocol for RFID for item ¢management. ISO/IEC 1}
1-2, ISO/IEC 15961-3, this document and the ISO/IEC 24791 series specify this pr
ed above the air interface standards defined in the-ISO/IEC 18000 series.

ocol used to exchange information in an RFID.;system for item management is spec
[-1 and in this document. Both documents are required for a complete understan
bcol in its entirety, but each focuses on one’particular interface:

5961-1 addresses the interface with the application system.

ment deals with the processing of data and its presentation to the RF tag, and the
g of data captured from the REtag.

F [SO/IEC 15961-1. Thissdocument specifies the overall process and the method
format the application data into a structure to store on the RFID tag.
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ptocol,
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Information technology — Radio frequency identification
(RFID) for item management — Data protocol: data
encoding rules and logical memory functions

1 Scope

This (O U U 9 C U C UU ; C a Y d U dpp d U
[SO/IHC 15961-1. The encodation is in a Logical Memory as a software analogue o
of the RFID tag being addressed by the interrogator.

0 amfls defined in
f the-physical memory

This dpcument
— ddfines the encoded structure of object identifiers;

— specifies the data compaction rules that apply to the encoded datd;
— specifies a Precursor for encoding syntax features efficiently;

— specifies formatting rules for the data, e.g. depending on whether a directory is used jor not;
— ddfines how application commands, e.g. to lock dataare transferred to the Tag Drivef;

— specifies processes associated with sensory information and the transfers to the Tag|Driver;

llowing documents are referred to in the text in such a way that some or all of|their content
constifutes requirements of thiscdocument. For dated references, only the edition citefl applies. For
undat¢d references, the latest@dition of the referenced document (including any amendnjents) applies.

ISO/IHEC 15961-1, Information technology — Radio frequency identification (RFID) for iten] management
— Datp Protocol — Part 1y*Application interface

ISO/IHC 19762, Information technology — Automatic identification and data capture (AIDC) techniques —
Harmdnized vocdbulary

3 Terms-‘and definitions and abbreviated terms

3.1 Terms and definitions

For the purposes of this document, the terms and definitions given in ISO/IEC 19762 and the following
apply. ISO and [EC maintain terminology databases for use in standardization at the following addresses:

— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at https://www.electropedia.org/

3.1.1

data compaction

mechanism, or algorithm, to process the original data so that it is represented efficiently in fewer bytes
in a data carrier than in the original presentation

© ISO/IEC 2022 - All rights reserved 1
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3.1.2

data processor

implementation of the processes defined in this document, including the Data Compactor, Formatter,
Logical Memory, and Command/Response Unit

3.1.3

precursor

byte, sometimes a sequence of bytes, used in the Directory and No-Directory Access-Methods that acts
as metadata for the subsequent Object-Identifier and Object

3.2 Abbreviated terms

FQIDV Fylly-qualified ID value
IDLPO ID[List Packed Object

IDMPO ID[Map Packed Object

PO P4cked Object

TBD Ta be determined

TEI Tejxt element identifier
URN urliform resource name

Since "TDS", "[Type A" to "Type D" are commonly used in the\industry to refer to the technology dompo-
nents as specified by these standards, the following designations are used in this document:

Type A refers to ISO/IEC 18000-61
Type B refers to ISO/IEC 18000-62
Type C refers to ISO/IEC 18000-63
Type D refers to ISO/IEC 18000-64

TDS refers to GS1 EPC, TagData Standard

4 Conformance

4.1 Conformance'with the air interface

A conformant
through the Ta the
interface protocol(s) ThlS applles to encoders decoders or more comprehenswe dev1ces

lmplementatlon of this document shall support one or more air interface pr¢tocols
spedific air

4.2 Conformance with the application interface

4.2.1 Encoders and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on an encoder shall support the application commands defined in 8.2 and the associated
process argument, as defined in Clause 10.

A conformant RFID tag shall have its encoding in a state that can be properly decoded by a conformant
decoder (see 4.2.2).

2 © ISO/IEC 2022 - All rights reserved
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4.2.2 Decoders and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on a decoder shall support the application commands defined in 8.3 and the associated
process argument, as defined in Clause 10.

4.2.3 Comprehensive encoder/decoder devices and the application interface

Within the constraints of the air interface protocol supported, a conformant implementation of this
document on an encoder/decoder shall support the application commands defined in 8.2 and 8.3 and
the associated process argument, as defined in Clause 10. In addition, the Delete-Object (see 8.4.2)
and Modify-Object (see 8.4.3) commands shall be supported. Other commands defined jn 8.4 may be
suppofted, and each command that is supported shall be declared.

4.3 Conformance with the Access-Method

4.3.1 | Encoders and the Access-Method

A conformant implementation of this document on an encoder shall’support the encoding rules and
formatting rules of one or more Access-Methods as defined in ClauSe 11 and associated Annexes.
Declarfations of conformance shall refer to the specific Access-Method(s) supported.

4.3.2 | Decoders and the Access-Method

A conformant implementation of this document on a’decoder shall support the decodiing rules and
formaftting rules of all the Access-Methods as defineduin Clause 11 and associated Annexep.

An intgerrogator is not expected to fully supportthe decoding functions of all the Access{Methods, and
the following shall apply to achieve conformange:

— Fdgr full conformance, the decoder process on the interrogator shall output the ObJect-Identifier,
Object and other arguments as required in the responses to the commands.

— Far partial conformance, the\decoder process on the interrogator shall output the byte string
thpt represents the encoded package (depending on the Access-Method) containing the requested
Ohbject-Identifier. The encoded package then shall be fully decoded by a decoder procefs, external to
the interrogator thatisfully in conformity with the rules defined in this document.

Declarfations of confofmance shall refer to the specific Access-Method(s) supported.

4.3.3 | Comprehensive encoder/decoder devices and the Access-Method

A confprmantimplementation of this document on an encoder/decoder shall support the gncoding rules
and fofmatting rules of one or more Access-Methods as defined in Clause 11 and associfjted Annexes.

bt Af conforin e chall wafare 0 tha cnacifis Aconcc Mothodlc) ciinnas ad 1T 1
Declarations—ef-—conformance—shalreferto—the—specific AccessMethod{ssupperted—The decoding
function shall be as defined in 4.3.2.

5 Protocol model

5.1 Overview

RFID supports bit encodation in the RFID tag memory. Unlike other data carrier standards which require
encodation schemes that are specific to the individual data carrier technology, the ISO/IEC 18000
series does not specify the interpretation of bits or bytes encoded on the RFID tag memory. However,
as an RFID tag is a relay in a communication system, each tag used for open systems item management
shall have data encoded in a consistent manner. The prime function of ISO/IEC 15961-1 is to specify a
common interface between the application programs and the RFID interrogator. The prime function of
this document is to specify the common encoding rules and Logical Memory functions.

© ISO/IEC 2022 - All rights reserved 3
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RFID tags utilise electronic memory, which is typically capable of increasing data capacity as new
generations of product are introduced. Differences in data capacity of each RFID tag type, whether
similar or dissimilar, are recognised by the Data Protocol defined in these two documents.

Different application standards may have their own datasets or data dictionaries. Each major
application standard for item management shall have its data treated in an unambiguous manner,
avoiding confusion with data from other applications and even with data from closed systems. The
Data Protocol specified in these documents ensures the unambiguous identification of data.

5.2 Layered protocol

5.2.1 Layers

The protocol layers of an implementation of RFID for item management are illustrated schématigally in
Figure 1.

Application and
Business Intelligence

!

| Data Constructs Rules

| Data Constructs Register | AP'T_'X\?Q;'ON ISSCS/F;ng1 5961-1

i \

Appli¢ation Object IDs, Objects &

| Scope of
ISO/IEC 15964<3

Arguments (e.g. “lock”) Scope of
A
Application Gommands APPLICATION ISO/IEC 159611
& Responses INTERFACE
v May be implemented
Data Compactor DATA Scope of > using ISO/IEC 24791-2
Data Formatter PROCESSOR ISO/IEC 15962 & ISO/IEC 24791-5
Logical Memory
| I | DATA Annexes
Tag Driver PROTOCOL
INTERFACE of ISO/IEC 15962
P4
| Air interface hardware / software |
AIR Scope of
* INTERFACE ISO/IEC 18000

RFID T
tag

Figure 1 —|Schematic of protocol layers for an implementation of RFID for item manageTnent

5.2.2 Application layer as defined in the ISO/IEC 15961 series

The RFID Data Protocol specifies how data is presented as objects, each uniquely identified with
an object identifier, which are meaningful to the application and can be encoded on the RFID tag.
ISO/IEC 15961-3 specifies the data construct rules for the AFI, DSFID, object identifier for the unique
item identifier, and object identifier structure for other item-related data. This ensures that each
piece of data can be uniquely identified, both within the scope of a particular application and between
applications.

Each application shall be registered according to ISO/IEC 15961-2 so that the data constructs can be
declared and used in an unambiguous manner.

The RFID Data Protocol in ISO/IEC 15961-1 defines functions and arguments used to construct
application commands and responses. This is so that application programs can specify what data to

4 © ISO/IEC 2022 - All rights reserved
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transfer to and from the RFID tag and to append, update, selectively lock, delete data, or perform other
functions on the RFID tag.

NOTE To illustrate how the functions and arguments are assembled into a structured format, several
commands and responses have been constructed using an abstract syntax. This is independent of the
host application, operating system, and programming language and independent of the specific command
structures between the interrogator and Tag Driver. The abstract syntax used in ISO/IEC 15961-1 is like that
used in ISO/IEC 24791-5, and is intended to enable closer integration with that standard. The original version
of ISO/IEC 15961:20041) included commands defined using ASN.1 abstract syntax, see ISO/IEC 8825-1. For
backward compatibility, the commands that were originally defined in this manner have been included in an
annex of ISO/IEC 15961-1.

ﬁl&aﬂmmmwmjnmﬁmmmﬁmm_Mm that is read
RFID tag, including error messages, which are returned to the application.

The ah
suppo

This
from

stract syntax may be used as a basis to prepare commands in different programine languages,
'ting the functionality and arguments of the abstract commands.

5.2.3 | Application interface as defined in ISO/IEC 15961-1

The application interface may be implemented in several different waysthat are not expliditly defined in
this dqcument, nor in ISO/IEC 15961-1. The basic requirement is to-identify data objects djistinctly from
rs using object identifiers, even to enable different datadfermats to be intermixegl on the same
RFID tpg. The application interface also shall define command‘and response arguments upambiguously,
so that they can be intermixed with data on the same wired 6r¥' wireless network.

One mjgjor class of implementation, described as a straight-through process, is appropri
functigns and arguments used to construct commands and the arguments and codes use
respoises, as specified in this document, are directly input to the encoding processes of I
Such ipput can be from computer screens orforms, or more direct transfers from

The advantage of this process is that it avoids the creation of the transfer encoding (s
requires more rigorous adherence to the;functional requirements of the commands a

the RF[D tag shall be in conformity with all the arguments in the commands specified in IS

5.2.4 | Data Protocol processing

The RFID Data Protecol specifies how data is encoded, compacted, and formatted on the
how tlhjis data issetrieved from the RFID tag to be meaningful to the application.

This R[FID Data Protocol provides for a set of schemes that compact the data to make mor]
of the memory space.

ite where the
1 to construct
0/IEC 15962.
nost systems.
be below) but
nd responses.
pd, other than

ver approach is used, the éncoding rules of ISO/IEC 15962 shall be followed, and thfe encoding on

/IEC 15961-1.

RFID tag and

e efficient use

This R ata Protocol also Supports various storage formats to enable elficient use o
efficient access procedures.

5.2.5 Data Protocol interface

‘ memory and

Each air interface protocol standard in the ISO/IEC 18000 series has its own specific rules for
defining commands and responses. Furthermore, some air interface protocols can support different
tag architectures with different memory sizes, and possibly support optional commands. The Data
Protocol provides a mechanism to interface with these rules through specific Tag Drivers. These allow
the basic application commands and responses of ISO/IEC 15961-1 to be applied independently of the
air interface protocol and specific tag architecture.

1) Withdrawn standard. Revised by ISO/IEC 15961-1:2013, ISO/IEC 15961-2:2019, ISO/IEC 15961-3:2019,
ISO/IEC 15961-4:2016.
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The Tag Driver component of the Data Protocol provides the mapping rule from the generic processes

to the specific tag requirements. These mapping rules are used to write data and to read data.

NOTE

ISO/IEC 18000 series of standards.

5.3 Flexible implementation configurations

Additional Tag Drivers can be specified as new air interface protocols are introduced in the

This RFID Data Protocol specifies the application level communication and the RFID tag interrogator
level rules for data encoding, compaction, and storage formats. This protocol may be implemented:

— with the document incorporated into the software system infrastructure architecture defined in

the ISO/I

with ISO
have as it
with the |

5.4 Functi

5.4.1 Logic

There are var
data from it.

Data Protocol
the processes
Data Protocol

al functions and interfaces

bnal processes — Interrogator implementation

C 24791 series. This is the recommended approach for any networked application

[EC 15961-1 and this document incorporated into stand-alone software o devic
5 output conformant encoding and/or conformant decoding with responses'in conf
esponses of ISO/IEC 15961-1.

ious functional processes that need to take place to write data to an RFID tag and
Figure 2 shows a schematic of an example implementation where the processing
resides in the interrogator. This illustration is previded to help with the understan
and although a typical implementation, many others are possibly in conformity with this

bs that
Drmity

o read
of the
Hing of

ISO/EC 15961
—

ISO/IEC 15962

Y

May be implemented using 24791-2 & 24791-5

ISO/IEC 15962
Annexes
/

APPLICATION ‘ INTERROGATOR RF TAG
Q\\
Decoder |\IN Tag Physical Memory
X AIR .
Encoder | INTERFACE Logical
7y Memory Map
APPLICATION ¥ v
COMMANDS | Tag COMMANDS N
Command / Driver ’
. > and
Response Unit 1 X
< Mapping |«
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ISO/IEC 18000

NOTE

The Logical Memory Map in the Tag Physical Memory is given by the Tag architecture and the mapping

rules in the Tag Driver. All the information in the Logical Memory is represented in the Logical Memory Map.

Figure 2 — Logical functions and interfaces of ISO/IEC 15962 with other RFID system

components

© ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

5.4.2 Functional processes — Application interface

The data flows between the application and the Data Processor are formatted according to this
document and are not compacted. However, there are numerous established systems where data is
formatted to be in conformance, for example, with a bar code related syntax. It is therefore reasonable
to insert interface modules in the data flow to convert from and to existing application formats.

Careful consideration should be given to the extent that established systems need to be supported
relative to the potential benefits to be gained from adopting the Data Protocol specified in this
document and ISO/IEC 15961-1. This is because this protocol has been developed around the features of
RFID, such as selective read/write and the ability to lock data. Older protocols are unlikely to support
such features.

5.4.3 | Functional processes — Interrogator

5.4.3.1 General

In the process illustrated in Figure 2, the interrogator is the module in which-all the basiqprocessing of
the Dafta Protocol takes place and there is an interface to the RFID tag(Different implementations can
separdte some of the functions described below and have an interfacedbetween the appli¢ation and the
physicpl interrogator.

5.4.3.2 Data processor

5.4.3.2.1 General

The Dgta Processor provides all the processing, which is as specified in this document and is required
for handling application data. It consists of the following components, all of which are d¢scribed more
fully helow: Command/Response Unit, Logi¢al Memory, Encoder (which supports a Data Compactor
and Fgrmatter function) and Decoder (whigh'supports the inverse functions of the Encoder).

The Data Processor can physically reside anywhere between the application softwar¢ and the Tag
Driver| but shall contain all the components. Some, or all, of the Data Processor fundtions may be
implerhented using processes defined in ISO/IEC 24791-2 and ISO/IEC 24791-5.

5.4.3.2.2 Command/Response Unit

The Cpmmand/Response Unit receives the application commands from the applicatioh in a format
specified in this document, acting upon these commands where appropriate and conyerting to the
specific RFID taglower-level command codes.

EXAMRBLE A application command of write Data Object "name” is application related. Thq Data Protocol
recognjfses this and can format the data onto the Logical Memory in the Data Processor. Infornjation from the
particylak RFID tagis requlred to set the parameters of the Loglcal Memory Map (e.g. number of bytes, whether

] al REID T TL T D 1fi
a dlI‘e COT y— 15 11T USCTy UIT \,u\, TTD Tdg: e rag DorrveT CUITveT \.o Lu\, ﬂyl.lllb(lbl\.lll CUTTITITAaIIar uu, a tag-SpelelC

command.

It can be seen from this example that there is a distinct logical boundary between the Data Processor
and the Tag Driver.

5.4.3.2.3 Logical Memory

This is an array of contiguous bytes of memory acting as a common software representation of the
RFID tag memory accessible by an application and to which the object identifiers and data objects are
mapped in bytes. The Logical Memory considers some parameters of the real RFID tag, for example the
block size, the number of blocks and the storage format. The Logical Memory ignores any detailed tag
architecture.
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The use of the Logical Memory means that an application can interface with an application-
conformant RFID tag, but that individual RFID tags can have completely different memory capacities
and architectures. This enables an implementation to benefit from new technological developments
permitted within the framework of the ISO/IEC 18000 series, such as larger capacity or faster access

RFID tags, without changing the application.

5.4.3.2.4 Encoder

The Encoder controls the process of writing data through the functional processes performed by the
Data Compactor Module and Formatter Module.

5.4.3.2.5 Data€ompactor

The Data Con
the RFID tag 3
coded charact

5.4.3.2.6 Fq

The Formatte|

ind transferred across the air interface. Numeric data, for example, is byte based t
er set for the application but can be encoded in a compact form on the RElD’tag me

rmatter

I provides the processes to place the object identifier and object{data) into an appr

and efficient format for storing on the Logical Memory.

NOTE The
information pr

5.4.3.2.7 D

The Decoder
performed by

physical mapping of bits to conform with the RFID tag.architecture is performed b3
pvided by the Tag Driver.

bcoder

controls the process of reading and interpreting data through the functional prg
the Data de-compactor Module and de:formatter Module.

pactor provides the standard compaction rules to reduce the number of bytes stored on

D some
mory.

ppriate

sed on

cesses

5.4.3.3 Tag|Driver

The Tag Drivdr provides two main functions:

It provid¢s mapping rules on the-structure of the RFID tag to enable the contents of the l.ogical
Memory in the Data Processor to bé exchanged with the Logical Memory Map of the RFID tag]in use.

hem to
ample,
and of

It providds facilities that accept the application commands of this Data Protocol and converts t
a format that results in callsto command codes supported by the particular RFID Tag. For ex
an applicftion command write Data Object "name" could result in the RFID tag related comn

write (bl¢ck #, data)/

The descriptipn of-the*'Tag Driver for RFID tags is provided in the annexes of this document, spec
Annexes B and £."For this document a Tag Drlver is unique to a partlcular air 1nterface type
tag as specified\ 3
physical 1mplementat10n could comblne features of different loglcal Tag Drlvers An interrogator may
support one or many Tag Drivers.

fically
f RFID

5.4.3.4 Transfer mechanisms

The transfer mechanisms for transferring data, commands, and responses between the Data Processor
(i.e. the implementation of this document) and the RFID tag shall be done through the interrogator or
incorporated within the functions of the interrogator.

5.4.4 RFID tag

Although the RFID tag is beyond the scope of this document, the tag is shown in Figure 2 to complete
the flow of data and commands. Within the RFID tag, the Logical Memory Map represents all the data in
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the Logical Memory of the Data Processor converted (or mapped) to a location structure determined by
the mapping rules in the Tag Driver and the architecture of the RFID tag.

5.5 ISO/IEC 15962 and the Data Processor

This document defines all the rules for encoding data on an RFID tag. The implementation of these
rules is described in this document as the Data Processor. As described in 5.4, various processes are
undertaken to achieve successful encoding. The rules ensure the encoded bytes are "self-declaring” in a
reading operation without any previous or independent knowledge of what is encoded on the tag. This
allows the Data Protocol to be used in open systems where the organisation encoding the data on the
RFID tag can be completely unaware of what organisation can eventually read the data from the RFID
tag. Thisis-achievedby-

— Having clearly defined rules for compacting data that are applied independently.of the application
arld the type of RFID tag.

— Ddgfining fundamental structuring rules for the encoding of data largely-determined by a user-
selectable feature called the Access-Method.

— Having precise structuring rules within each Access-Method, including a clearly defingd syntax that
allows reading systems to selectively identify data required for.the application.

Clause] 11 provides a description and a definition of the Access-Methods currently sypported. The
associated processing is fully specified in annexes referred te-in Clause 11.

6 Data and presentation conventions

6.1 Data typesinISO/IEC 15961-1 commands and responses
The following data types are used in the commands and responses:

— BQOLEAN: An argument that can have the values TRUE or FALSE.
— BIJT STRING: A sequence of bits:;

— BYTE: An integer with the\possible values 0 to 255, usually expressed as a hexadecimal value 00h to
FHh.

— BYTE STRING: A seguence of bytes (equivalent to OCTET STRING).

— HEXADECIMAL*ADDRESS: A location (on the memory of an RFID tag), expressed as @ hexadecimal
vallue

— INTEGER: An integer can take any whole number. In the context of this document, the values are all
pdsitive.

— OBJECT IDENTIFIER: An Object Identifier as defined in 6.3.1.

6.2 Extensible bit vector (EBV)

The EBV block structure is used as a self-declaring code to determine the length, position, or size of
some characteristic. Various EBV-n structures are used in this document, where n refers to the number
of bits in each block. EBV-8 is identical to the length encoding (see 9.3.11), which has been used since
the original edition of this document.
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6.3 Object Identifier presentation in the application interface

6.3.1 Object identifier structure to ISO/IEC 8824-1

This document uses the OBJECT IDENTIFIER type as defined in ISO/IEC 8824-1 and with identifiers
assigned as specified in ISO/IEC 9834-1. This uses a registration tree with a common implied root node
(ISO/IEC 9834-1), a series of arcs from each node, with new arcs added as required to define a particular
object. Thus, the body responsible for a particular node (see Figure 3):

— has a defined set of arcs to identify itself;

— can manage the allocation of arcs under its node, independently of other bodies;

— is assuretli of uniqueness from all other arcs in the registration tree.

1.0.15434 .1 arcs
t =10
= standard

= particular standard ISO/IEC 15434
= sub-division within 15434 (= Format 01)

Figure 3 — Example of arcs

The only top drcs permitted for all object identifiers are shown inndable 1.

Table 1 — Object Identifier top arcs

Identifier arc name Numerié¢value
itu-t 0
iso 1
joint-iso-itu-t 2

The second afc is administered by the relevant organisation named for the top arc. The curreng list of
top and second arcs is given in ISO/IEC 15961-3.

The third arq is controlled by the system or body defined for the second arc; sometimes tHis is a
registration guthority. The hietrarchical structure continues until the object is identified uniquely. The
procedure of [naming object'identifiers ensures that each object is unique within its "parent” arc and
that each par¢nt arc is unigue within its previous level, right back to the top 3 arcs.

NOTE Thi$ structure/enables object identifiers from different domains (e.g. open and closed systemp) to be
encoded unampigueusly on an RFID tag memory.

Three forms ¢f ebject identifier are used with the RFID Data Protocol:

— Object-1dentifier: This full structure is used for communications between the application and the
Data Processor defined by the scope of this document. The full structure is suitable for use in this
document where the set of object identifiers to be encoded on the RFID tag have different higher-
level arcs, or where a generic system is in place.

— Relative-OID: This structure is used in conjunction with the Root-OID (see below) for communication
between the application and the Data Processor. These structures are applied in situations where
a common root applies to the set of object identifiers to be encoded on the RFID tag. For example,
if all the object identifiers have the common root 1 0 15961 12 1, encoding space can be saved on
the RFID tag if this common Root-OID does not have to be encoded for each object identifier. The
Relative-OID is a suffix to a common Root-OID, which is either encoded or declared in some other
way.
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— Root-0ID: The Root-0OID is the common part of a set of encoded object identifiers. It acts as a common
prefix to the Relative-OID values encoded on the RFID tag. This structure is particularly important
in applications that require a variety of data from a common data dictionary to be encoded on an
RFID tag. The Root-0OID is either explicitly encoded or declared in some other way, according to the
encoding rules of this document.

6.3.2 Presenting the Object-Identifier in accordance with ISO/IEC 8824-1

When the Object-Identifier is presented in application commands and responses in accordance with
ISO/IEC 8824-1, spaces are inserted between each arc as follows:

1015961121

6.3.3 | Presenting the Object-Identifier as a Uniform Resource Name (URN)

The Object-Identifier may also be presented in the URN in the following format; based| on IETF RFC
3061, yith the decimal point character between each arc:

urn:oid:1.0.15961.12.1

6.4 The Object

On thq interface with the application, all data that is intende to be encoded on the RFID is described
as the| Object in this document. The Object shall be qualified using an Object-Identifier to ensure
unambiguous communication.

When |the Object-Identifier is that of a unique itemidentifier then its combination with the Object
confers domain uniqueness. Other Object-Identifier'plus Object pairs (e.g. to identify a pajrticular batch
numbegr) are not unique but represent attribute-data that is associated with the unique it¢m identifier.

6.5 B-bit byte

This document supports the encodihg of data and data objects aligned as 8-bit bytds (sometimes
referre¢d to as octets to be more campatible with communications standards). Within each 8-bit byte
(hereafter "byte"), the most sighificant bit is bit 8 and the least significant is bit 1. Acfordingly, the
weight allocated to each bit is defined in Table 2.

Table 2 — Bit sequence in the 8-bit byte

Bitwalue |bit8 bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl
Weight [128 64 32 16 8 4 2 1

NOTE Although other bit position conventions are possible and more common, this bit sequerce is used here
for backward compatibility with the original version of this document, which in turn was in c¢nformity with

ASN.1 tutes-HSOHEEB8825-1:

6.6 N-bit encoding

This document supports the encoding of bit fields that are not necessarily aligned on a byte boundary.
The most significant bit is bit N and the least significant bit is bit 1. When a sequence of bit fields is
defined, the first bit field occupies the most significant bits.

7 Data Processor — High level processing

The main flows of information to and from the Command/Response Unit are illustrated in Figure 4,
which focuses on the encoding process.
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ISO/IEC 15961-1
Commands
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Figure 4 — High level information flows

the set of incorporated arguments shall be processed correctly to achieve the en
he application. These requirements are defined in Clause 8. The method of trans
s to the command response unit is not specified in this document.

hould define that the data is to be emcoded on a particular type of RFID tag. The Tag
ilar tag provides the air interface\services as defined in Clause 9. These are used
sponse Unit to correctly encode’data on, and decode data from, the type of tag re
ntion. The Data Processor istnot required to support all tag types but shall supp
decoding capabilities of-any type of tag that is supported. As some types of RFID t

he Data Processor.shall be clearly defined against optional components and revis
B00O series.

pcessor<and the application interface

htion commands — Overview

cessor is not required to support all application{commands. For the commands that are

coding
ferring

Driver
by the
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prt the
hg that

the ISO/IEC 18000 series’of air interface protocols have optional components, the precise

ons to

ISO/IEC 1596
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of how

dataisto be encoded on the RFID tag. Table 3 lists these commands. The column headed "Code" identifies
the final arc of the object identifier that identifies the command module and response module. These
code values have been retained to provide a structure that is compatible with the previous, withdrawn

edition (ISO/I
EXAMPLE

12

EC 15961:2004).

The inventory-tag command has the object identifier: 1 0 15961 126 3. Its response has the object
identifier: 1 0 15961 127 3.
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Table 3 — ISO/IEC 15961-1 commands

Code |Command name Write Read Other

1 Configure-AFI a

2 Configure-DSFID a

3 Inventory-Tags YES

5 |Delete-Object YES

6 Modify-Object YES

8 ReadObject-Identifiers YES

10 |Read-Logical-Memory-Map YES

12 |Erase-Memory b

13 |Get-App-based-System-Info ¢

17 |Write-Objects YES

18 |Read-Objects YES

19 |Write-Objects-Segmented-Memory-Tag YES

20 |Write EPC-UII YES

21 |Inventory-ISO-Ullmemory YES

22 |Inventory-EPC-Ullmemory YES

23 |Write-Password-Segmented-Memory-Tag YES

24 |Read-Words-Segmented-Memory-Tag YES

25 |[Kill-Segmented-Memory-Tag YES

26 |Delete-Packed-Object YES

27 |Modify-Packed-Object YES

28 |Write-Segments-6TypeD-Tag YES

29 |Read-Segments-6TypeD-Tag YES

30 |Write-Monomorphic-Ull YES

31 |Configure-Extended-DSFID YES

32 |Configure-Multiple-Records-Header YES

33 |Read-Multiple-Records YES

34 |Delete-Multiple-Record YES
a  The Configure-AFI and Configure-DSFID commands are implemented in different ways,
depending.on the air interface protocol. Some support specific air interface commands thqt
are distihctly different from the generic write commands (e.g. ISO/IEC 18000-3 Mode 1.
OtheTs.aise the write command but require the data to be written into a specific location (e.g.
Type B and Type C).
b Some air interface protocols support a specific Erase-Memory command, whereas others
require the data to be overwritten with a null-byte value (typically 0016).
—The-Get-App-based-System-infocontmandisone-thatisexpheitdy-supportedinsenteair
interface protocols butin others is completely redundant because the information is returned
as part of another command.

Table 3 has three columns: write, read, other. The write column shows the commands that are most
likely to be implemented in a device such as a printer-encoder, and in an application that simply provides
source marking for data capture at a later stage and at a different point. The read column identifies
commands that need to be implemented in the simplest of data capture devices. The commands
highlighted in the other column either require more complex processing (e.g. Modify-Object) or require
a special process (e.g. Kill- Segmented-Memory-Tag).

The commands associated with code values not included in Table 3 were originally specified in
ISO/IEC 15961:2004. This document no longer shall support these commands, mainly because their
functionality has been absorbed in other commands.
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To implement the encoding rules of this document it is necessary to understand the detail of the
commands and responses in ISO/IEC 15961-1. The subclauses that follow, provide a listing of commands
under the three main headings of: read, write, and other. The arguments for each command are listed
in the subclauses.

8.2 Application commands and responses — Write

8.2.1 Configure-AFI

8.2.1.1 Use

The AFI is a dingle byte code and is used as part of the selection process in an application. Depgnding
on the air interface protocol, it may write into a particular location of memory using an-expljcit air
interface protocol command. This application command is intended to support this process.It may also

be used to support the encoding of the AFI using a generic air interface write command.

8.2.1.2 Prol[:ss requirements

To correctly i
range 90,4 to|CF,, the following process argument shall be supported:

The following arguments shall be supported for the response:

The Completipn-Codes for this command are:

8.2.1.3 Conformance requirements

AFI (see 10.2.3)
AFI-Lock|(see 10.2.4)

plement this command in the Data Processor, in addition to‘processing the AFl|in the

Completipn-Code (see 10.3 and below)

Execution-Code (see 10.4)

0 No-Erfor

1 AFI-Npt-Configured

2 AFI-Npt-Configured-Locked
3 AFI-Configured-Lock‘Failed
8 Singulation-1d-Not*Found

255 Execpition-Error

To conform, an encoder shall support this command and its arguments, subject to the following
conditions:

14

That the RFID tag(s) supported by the encoder have the AFI in a memory location requiring an
explicit air interface command, or that a generic air interface write command supports writing the
AFI to a specific location determined by the Tag Driver with a single byte write transaction.

If the encoder supports writing the AFI, then it shall also support the transfer of any AFI-Lock
argument so that it can be implemented in the air interface.

The encoder shall support the associated Completion-Codes and Execution-Codes.
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8.2.2 Configure-DSFID

8.2.2.1 Use

The DSFID is a single byte or multiple byte code that is used to reduce the encoding of Object-Identifiers,
based on encoding rules in this document. In particular, the DSFID specifies the Access-Method and the
Data-Format assigned to particular applications. Depending on the air interface protocol, the DSFID
is written into a particular location of memory using an explicit air interface protocol command. This
application command is intended to support this process. It may also be used to support the encoding of
the DSFID using a generic air interface write command.

8.2.2.2—Process requirenents

To corfectly implement this command in the Data Processor, in addition to processing the DSFID, the
follow|ng process argument shall be supported:

DYFID (see 10.2.11)
DYFID-Lock (see 10.2.12)
The following arguments shall be supported for the response:
Cdmpletion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Cqmpletion-Codes for this command are:
0 [ No-Error
DSFID-Not-Configured
DSFID-Not-Configured-Locked
DSFID-Configured-Lock-Failed

o o Ul

Singulation-Id-Not-Found

235 Execution-Error

8.2.2.3 Conformarice requirements

To conform, and{eéncoder shall support this command and its arguments, subject to [the following
conditjons:

— THhatthe RFID tag(s) supported by the encoder have the DSFID in a memory locatior requiring an
ex|plicit air interface command, or that a generic air interface write command supports writing the
DSFID to a specific location determined by the Tag Driver with a single byte write transaction.

— Ifthe encoder supports writing the DSFID, then it shall also support the transfer of any DSFID-Lock
argument so that it can be implemented in the air interface.

— The encoder shall support the associated Completion-Codes and Execution-Codes.
8.2.3 Write-Objects

8.2.3.1 Use
This command shall not be used to write a Monomorphic-UII. If the AFI on the RFID tag declares that it

is registered for a Monomorphic-UlI, the appropriate error shall be returned, and the encoding process
aborted. The correct command to use is defined in 8.2.8.
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The Write-Objects command is used to write one or more Object-Identifiers and associated Objects to
an RFID tag. This command may be implemented to write the initial data to the RFID tag, or to add
data to the tag. The command is supported by the following compound arguments, for which individual
arguments are listed below:

Add-Objects-List
DSFID-Constructs
Ext-DSFID-Constructs

Multiple-Records-Constructs

Packed—0|bject-Constructs

8.2.3.2 Profess requirements

To correctly jmplement this command in the Data Processor, the process arguments’and compound
arguments ddfined for the command in ISO/IEC 15961-1 shall be supported. For Multiple Records they
are applied orce per record, otherwise they are applied once per Logical Memary.

Data-CR(+Indicator (see 9.3.12)
DSFID (sde 10.2.11)

DSFID-Ldck (see 10.2.12)
DSFID-Pad-bytes (see 9.3.18)
Length—(jliEncoded-Data (see 9.3.11)
Memory-{apacity (see 9.3.11)

Tag-Data{Profile-ID-Table (see 10.2.53)

The main detérminant for conformant encoding is the Access-Method, which is incorporated as part of
the DSFID. Thle DSFID is provided as an.optional argument for use in one of the following ways:

— Ifdata is peing written to a blank*RFID tag, then the DSFID is provided as part of this command to
minimise{communications.

— If data is|being added t@ the RFID tag, then the DSFID in the command should match the|DSFID
already epcoded on the\RFID tag, otherwise there is an error and the encoding process cai cease
before significant aieunts of data have been processed.

To correctly implement this command in the Data Processor, the following process arguments shall be
supported forl each-Object-Identifier and Object pair, irrespective of the Access-Method:

Avoid-Duplicate (see 10.2.7)
Compact-Parameter (see 10.2.9)
Object-Lock (see 10.2.38)

The Avoid-Duplicate, Compact-Parameter and Object-Lock arguments shall be applied in a manner
consistent with the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If there is an
inconsistency within the application command, then it shall be in error and the encoding process shall
not be implemented.

If the Access-Method = Packed-Objects, the input states are all defined in the Packed-Objects-Constructs
argument specified in ISO/IEC 15961-1 and apply to a single Packed Object. That argument in turn has
the following arguments, for which the processes are defined in Annex I:
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Block-Align-Packed-Objects

Editable-Pointer-Size

ID

-Type

Object-Offsets-Multiplier

Packed-Object-Directory-Type

PO-Directory-Size

PO-ID-Table

P(
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Table ¢
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9.813.

If
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If the

Identif
List an
the Mu
The M
by the

then tlhe command shall be\aborted.

Encod
if the
follow

Af

-Index-Length

Access-Method = Tag-Data-Profiles, the input states are all defined by the Tag-D4
nd encoded as a single Tag Data Profile using the processes defined in Ainex N.

lowing tag-related arguments, if declared by the Extended DSFID are used as follow
roding process:

the memory Memory-Capacity (see 9.3.11) is encoded, or the air interface has its
oviding this information, it can be used to assess if there issufficient memory for th
fully implemented.

bne or both Data-CRC-Indicators (see 9.3.12) is set,-thien the CRC-16 shall be applieq

the Length-Of-Encoded-Data (see 9.3.11) is signalled to be encoded, then this shall
fer all encoded bytes have been determined, This field is then written, or overwrittg
count the availability of DSFID-Pad-bytes.(see 9.3.18).

compound argument Multiple-Rec@rds-Constructs is used in the command, the
ier structure as defined in 11.6 shall be used for identifying each data Object in thg
sument. If this is not the casejthen the command shall not be processed. In addit
Itiple-Record itself, this comimand can require other areas of the Logical Memory t
R-header if the number gf récords is maintained and the directory if already encode
command arguments: Ifany part of the memory required to implement the comm

first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument in
ng argunients, for which the processes are defined in Annex Q and Annex R.

pend-To-Existing-Multiple-Record (see 10.2.5)

A

plication-Defined-Record-Capacity (see 10.2.6)

ta-Profile-ID-

s to complete

bwn means of
b command to

as defined in

be calculated
e, taking into

n the Object-

add-Objects-
on to writing
o be encoded:
d or called for
and is locked,

ng shall be as defined in Annex Q if the first four arcs are 1.0.15961.401, or as defined in Annex R

turn has the

Identifier-Of-My-Parent (see 10.2.17)

Lock-Directory-Entry (see 10.2.24)

Lock-Record-Preamble (see 10.2.26)

Number-In-Data-Element-List (see 10.2.36)

Record-Memory-Capacity (see 10.2.46)

Record-Type-Classification (see 10.2.48)

Update-Multiple-Records-Directory (see 10.2.58)

The following arguments shall be supported for the response:
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Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

Object-Identifier (see 6.3)

The response arguments Completion-Code and Object-Identifier are associated with each data element.

The Completion-Codes for this command will vary based on the associated compound arguments. The

complete list is:

0 No-Error

8 Singulation-Id-Not-Found

9 Object-Not-Added

10 Dupligate-Object

11 Object-Added-But-Not-Locked

29 Object-Not-Editable

31 Packef-Object-ID-Table-Not-Recognised-No-Encoding

32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufffcient-Tag-Memory

36 Comnjand-Cannot-Process-Monomorphic-UII

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID 255 Execution-Error

43 Data-Format-Not-Compatible-Multiple-Records-Header
44 Acces$-Method-Not-Compatible-Multiple-Records-Header
45 Sector-Identifier-Not-Compatible-Multiple-Records-Header
46 Recorfl-Preamble-Not-Genfigured

47 Recorfl-Preamble-Not-Locked

255 Execpition-Errer

8.2.3.3 Corformadnce requirements

To conform, an encoder shall support this command and Its arguments, subject to the fol
conditions:

— The encoder supports all aspects of the Access-Method.
— The encoder supports all the processes defined by the Extended DSFID.

— The encoder supports the associated Completion-Codes and Execution-Codes.

owing

— Ifany of the first two conditions are not supported, an error is signalled by returning the Execution-

Code = 4 Command-Not-Supported.
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8.2.3.4 Guidance for appending data

To maximize reliability when adding additional data or modifying data, it is recommended that the
interrogator performs the following procedure in the order presented below:

a) write all the new bytes except the first word or block of data (i.e. the data that will overwrite the
existing 00, terminator), including the new terminator at the end of the new data;

b) optionally read all the new encoded data to ensure that it was stored correctly;

c) write the first word/block, which overwrites the original terminator.

NOTE
of a fai

8.2.4

8.2.4.1 Use

Writing the new data in this sequence preserves the ability to parse the pre-existing

ata in an event

ure to write of the new data.

Write-Objects-Segmented-Memory-Tag

This cpmmand shall not be used to write a Monomorphic-UII. If the AEl'on the RFID tag declares that it

is regi

abortdd. The correct command to use is defined in 8.2.8.

stered for a Monomorphic-Ull, the appropriate error shall be retutrned, and the enc

bding process

The Wlrite-Objects-Segmented-Memory-Tag command is like the Write-Objects command except that it

is inte

nded to write data to a selected memory bank in a segmented memory tag. The conjmand may be

implernented to write initial data to the RFID tag, or to ddd data to the tag. The command is supported

by the

Add-Objects-List
DYFID-Constructs

Ext-DSFID-Constructs

M

P4cked-Object-Constructs

8.2.4.2 Process requirements

To correctly implement this command in the Data Processor, the process arguments a
arguments defined-for the command in ISO/IEC 15961-1 shall be supported. For Multiple

are ap
Ad
Al

following compound arguments, for which individual arguments are listed below:

htiple-Records-Constructs

plied ongepér record, otherwise they are applied once per Logical Memory.

cesg=Password (see 10.2.1)

hd compound
Records they

[ (see 10.2.3)

Data-CRC-Indicator (see 9.3.12)

DSFID (see 10.2.11)

DSFID-Lock (see 10.2.12)

DSFID-Pad-bytes (see 9.3.18)

Length-Of-Encoded-Data (see 9.3.11)

Memory-Bank (see 10.2.29)

Memory-Capacity (see 9.3.11)

Tag-Data-Profile-ID-Table (see 10.2.53)
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The Access-Password in the application command shall match that encoded on the RFID tag to continue

processing. If

there is a mismatch, then an error shall be reported.

The main determinant for conformant encoding is the Access-Method, which is incorporated as part of

the DSFID. Th

e AFl and DSFID are provided as arguments for use in one of the following ways:

as part of this command to minimise communications.

If data is being written to a blank segmented memory RFID tag, then these arguments are provided

Depending on the memory bank concerned, if data is being added to the segmented memory RFID

tag, then the AFI and DSFID in the command should match the AFI and DSFID already encoded on
the RFID tag, otherwise there is an error and the encoding process can cease before significant

amounts

To correctly i
supported for

Avoid-Du
Compact+
Object-Lo

The Avoid-Du
consistent wi
inconsistency

not be implenjented.

If the Access-]
argument spe
the following

Block-Ali
Editable-
ID-Type

Object-0f
Packed-O
PO-Direc
PO-ID-Tal
PO-Index

pf datatrave beemr processed:

mplement this command in the Data Processor, the following process arguments's
each Object-Identifier and Object pair, irrespective of the Access-Method:

plicate (see 10.2.7)
Parameter (see 10.2.9)

ck (see 10.2.38)

h the rules of the Access-Method (see Clause 11) to ensure reliable encoding. If thef
within the application command, then it shall be inlerror and the encoding proceg

lethod = Packed-Objects, the input states are all'defined in the Packed-Objects-Con;
cified in ISO/IEC 15961-1 and apply to a single Packed Object. That argument in tu
arguments, for which the processes are;defined in Annex I:

bn-Packed-Objects

Pointer-Size

fsets-Multiplier
bject-Directory-Type
ory-Size

le

Length

hall be

plicate, Compact-Parameter and Object-Lock argumentsZshall be applied in a npanner

eisan
s shall

tructs
rn has

If the Access-

Method = Tag-Data-Profites, the Input States are ait defined by the Tag-Data-Pro

Table and encoded as a single Tag Data Profile using the processes defined in Annex N.

ile-ID-

The following tag-related arguments, if declared by the Extended DSFID are used as follows to complete
the encoding process:

If the memory Memory-Capacity (see 9.3.11) is encoded, or the air interface has its own means of

providing this information, it can be used to assess if there is sufficient memory for the command to
be fully implemented.

in 9.3.13.

20

If one or both Data-CRC-Indicators (see 9.3.12) are set, then the CRC-16 shall be applied as defined
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— If the Length-Of-Encoded-Data (see 9.3.11) is signalled to be encoded, then this shall be calculated
after all encoded bytes have been determined. This field is then written, or overwritten, taking into

ac

count the availability of DSFID-Pad-bytes (see 9.3.18).

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-
Identifier structure as defined in 11.6 shall be used for identifying each data Object in the add-Objects-
List argument. If this is not the case, then the command shall not be processed. In addition to writing
the Multiple-Record itself, this command can require other areas of the Logical Memory to be encoded:
The MR-header if the number of records is maintained and the directory if already encoded or called for
by the command arguments. If any part of the memory required to implement the command is locked,
then the command shall be aborted.

Encod
if the
follow

Aj
Ay
Id
Ld
Ld

ng shall be as defined 1n Annex Q 1f the first four arcs are 1.0.15961.401, or as defin|
first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument)in
ng arguments, for which the processes are defined in Annex Q and Annex R¢

pend-To-Existing-Multiple-Record (see 10.2.5)
plication-Defined-Record-Capacity (see 10.2.6)
entifier-Of-My-Parent (see 10.2.17)

ck-Directory-Entry (see 10.2.24)
ck-Record-Preamble (see 10.2.26)

Nymber-In-Data-Element-List (see 10.2.36)

Re
Re
Uy
The dg
The fo
Cd
EX
(0]

The Cqd
compl

cord-Memory-Capacity (see 10.2.46)
cord-Type-Classification (see 10.2.48)

date-Multiple-Records-Directory (see?10.2.58)

ta shall only be encoded in memory bank 11 of the segmented memory tag.
lowing arguments shall besupported for the response:

mpletion-Code (see 10.3-and below)

ecution-Code (see10.4)

ject-Identifier (See 6.3)

bte listds:

0

No-Error

mpletion=Codes for this command will vary based on the associated compound ar

ed in Annex R
turn has the

guments. The

8
9

Singulation-Id-Not-Found
Object-Not-Added

10 Duplicate-Object

11 Object-Added-But-Not-Locked

25 Password-Mismatch

26 AFI-Mismatch

27 DSFID-Mismatch

29 Object-Not-Editable
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31 Packed-Object-ID-Table-Not-Recognised-No-Encoding
32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufficient-Tag-Memory

36 Command-Cannot-Process-Monomorphic-UII

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

43 Data-Format-Not-Compatible-Multiple-Records-Header

44 Acces$-Method-Not-Compatible-Multiple-Records-Header
45 Sectoy-ldentifier-Not-Compatible-Multiple-Records-Header
46 Recorfl-Preamble-Not-Configured

47 Recorfl-Preamble-Not-Locked

255 Execpition-Error

8.2.4.3 Corformance requirements

To conform, pn encoder shall support this command and its<drguments, subject to the following
conditions:

— The encogler supports all aspects of the Access-Method.
— The encofler supports encoding to a segmented me€mory tag.

— The encofler supports a process to match thesAccess-Password in the command with that efncoded
on the RHID tag.

— The encofler supports all the processed defined by the Extended DSFID.
— The encofler supports the associated Completion-Codes and Execution-Codes.

— Ifany of the first four conditions are not supported an error is signalled by returning the Exe¢ution-
Code = 4 Command-Not-Supported.

8.2.4.4 Guifdance for@ppending data

The procedurg described in 8.2.3.4 applies to this command.

8.2.5 Writd-EPC-UII

8.2.5.1 Use

The Write-EPC-UIl command specifies an EPC code to be written to the UIl memory of a segmented
memory tag (e.g. Memory Bank 01 of a Type C tag).

8.2.5.2 Process requirements

To correctly implement this command in the Data Processor, the following process arguments shall be
supported:

Access-Password (see 10.2.1)

EPC-Code (see 10.2.15)
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Memory-Bank-Lock (see 10.2.30)

NSI-bits (see 10.2.35)

The Access-Password in the command is required to match that on the RFID tag to promote writing
data to the RFID tag.

This command can be used to initially write the EPC-Code to the RFID tag, or to overwrite the code
value. If the new code is of a shorter length, the interrogator shall ensure that bytes representing part
of the older code are removed.

The interrogator shall calculate the length bits in the Protocol Control word. If the bits are provided by

the a nlication the interragator shall uco ite calculatian afthe lonath hitce in nroforonca
p HeaHo e Hhter e gatoSaair FeS-ECaredatoR-0++t1ere RS e DS prererelee-

The following arguments shall be supported for the response:
Cdmpletion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Cqmpletion-Codes for this command are:
0 [ No-Error
8 | Singulation-Id-Not-Found
2§ Password-Mismatch
33 Insufficient-Tag-Memory

295 Execution-Error

8.2.5.3 Conformance requirements

To conform, an encoder shall support-this command and its arguments, subject to [the following
conditjons:

— THhe encoder supports encedirng to a segmented memory tag.

— THRhe encoder supports‘a process to match the Access-Password in the command with that encoded
or] the RFID tag.

— TRhe encoder supports the associated Completion-Codes and Execution-Codes.

8.2.6 | Write-Password-Segmented-Memory-Tag

8.2.6.1 - Use

The Write-Password-Segmented-Memory-Tag command does not require any encoding, other than a
transfer using the device interface (e.g. as in ISO/IEC 24791-5) to the interrogator. If it is incorporated
in the Data Processor, then the output interface will simply carry through the command arguments.

8.2.6.2 Process requirements

The following process arguments shall be supported:
Password (see 10.2.40)
Password-Type (see 10.2.41)

The following arguments shall be supported for the response:
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Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

0 No-Error

8 Singul

ation-Id-Not-Found

26 Password-Not-Written

255 Execution-Error

8.2.6.3 Corfformance requirements

To conform, pn encoder shall support this command and its arguments, subject to] the following

conditions:

— The encogler supports encoding to a segmented memory tag.

— The enco;ﬁ)er supports a process to write the password in the application ¢efimand to the apprgpriate
memory location on the RFID tag.

— The encogler supports the associated Completion-Codes and Execution-Codes.

8.2.7 Writ¢-Segments-6TypeD-Tag

8.2.7.1 Use

This comman(d shall not be used to write a Monomorphic-UII. If the AFI on the RFID tag declareg|that it

is registered for a Monomorphic-UIl, the appropriate error shall be returned, and the encoding grocess

aborted. The

The Write-Se
both segment]
to the tag.

The Write-Se
command ex(

rorrect command to use is definedi’8.2.8.

5. The command may be implemented to write initial data to the Type D tag, or to ag

oments-6TypeD-Tag \ecommand is similar to the Write-Objects-Segmented-Memd
ept that it is intended to write data to the Type D tag that has its segmented m

boundaries

compound arguments, fofswhich individual arguments are listed below:
Ext-DSFID-Constructs

Item-Reldted-Add-Objects-List

termined dynamically by the encoder. The command is supported by the fol

bments-6TypeD-Tag is used to*write data to the UIl segment, the item-related segment or

d data

ry-Tag
emory
owing

Item-Related-DSFID-Constructs

Multiple-Records-Constructs

Packed-0O

bject-Constructs

UII-Add-Objects-List

UII-DSFID-Constructs

8.2.7.2 Pro

cess requirements

To correctly implement this command in the Data Processor, the process arguments and compound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. For Multiple Records they
are applied once per record, otherwise they are applied once per Logical Memory.

24
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AFI (see 10.2.3)

DSFID-Lock (see 10.2.12)

Item-Related-DSFID (see 10.2.20)

Lock-Ull-Segment-Arguments (see 10.2.27)

Memory-Segment (see 10.2.31)

Tag-Data-Profile-ID-Table (see 10.2.53)

Ul

I-DSFID (see 10.2.56)

The Ty
impac
of the
this cd
requir

The m
the DS

If

command to minimise communications.

Dé
th
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To cor
suppo

Ay
Cd
Oh

The A
consis
incons
not be

Ifthe 2

'pe D does not require implementing any of the features of the Extended DSFID
on encoding processes. The tag has its own methods for declaring memory-capac
encoded data. It also calculates a CRC-16 for each segment. Given these.hardy
mmand defines no processes associated with the Extended DSFID. TheEXtended
ed to encode an Access- Method code value greater than 3.

hin determinant for conformant encoding is the Access-Method, which is incorpors
FID. The AFI and DSFID are provided as arguments for use in oue’of the following v

data is being written to a blank segment, then these afguments are provided a

pending on the memory segment concerned, if data is being added to the segme

ID tag, else there is an error and the encoding.process can cease before significa
ta have been processed.

Fectly implement this command in the Data Processor, the following process arguy
'ted for each Object-Identifier and Object pair, irrespective of the Access-Method:

oid-Duplicate (see 10.2.7)
mpact-Parameter (see 10.2:9)
ject-Lock (see 10.2.38)

poid-Duplicate, Compact-Parameter and Object-Lock arguments shall be applied
fent with the rdlesof the Access-Method (see Clause 11) to ensure reliable encoding
istency within.the application command, then it shall be in error and the encoding
implemented.

Lccess=Method = Packed-Objects, the input states are all defined in the Packed-Objed

argu

the fol i

n‘1ent specified in ISO/IEC 15961-1 and apply to a single Packed Object. That argume

that have an
ty and length
fare features,
DSFID is still

ted as part of
jays:

s part of this

hted memory,

en the AFI and DSFID in the command should match the AFI and DSFID already eficoded on the

ht amounts of

nents shall be

in a manner
.If there is an
process shall

ts-Constructs
nt in turn has

Block-Align-Packed-Objects

Editable-Pointer-Size

ID

-Type

Object-Offsets-Multiplier

Packed-Object-Directory-Type

PO-Directory-Size

PO-ID-Table

PO-Index-Length
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If the Access-Method = Tag-Data-Profiles, the input states are all defined by the Tag-Data-Profile-ID-
Table and encoded as a single Tag Data Profile using the processes defined in Annex N.

If the compound argument Multiple-Records-Constructs is used in the command, then the Object-
Identifier structure as defined in 11.6 shall be used for identifying each data Object in the add-Objects-
List argument. If this is not the case, then the command shall not be processed. In addition to writing
the Multiple-Record itself, this command can require other areas of the Logical Memory to be encoded:
The MR-header if the number of records is maintained and the directory if already encoded or called for
by the command arguments. If any part of the memory required to implement the command is locked,
then the command shall be aborted.

Encoding shall be as defined in Annex Q if the first four arcs are 1.0.15961.401, or as defined in Annex R

if the first four arcs are 1.0.15961.402 or 1.0.15961.403. The compound argument in turn-H

following arg
Append-T|
Applicati
I[dentifier
Lock-Dire
Lock-Rec
Number-I
Record-M
Record-T}
Update-M
The data shal
The following

Completi

iments, for which the processes are defined in Annex Q and Annex R.

0-Existing-Multiple-Record (see 10.2.5)
bn-Defined-Record-Capacity (see 10.2.6)
-Of-My-Parent (see 10.2.17)

ctory-Entry (see 10.2.24)

brd-Preamble (see 10.2.26)

n-Data-Element-List (see 10.2.36)
emory-Capacity (see 10.2.46)
pe-Classification (see 10.2.48)
ultiple-Records-Directory (see 10.2.58)

only be encoded in the item-relatedsegment of the tag memory.
arguments shall be supported-\for the response:

pbn-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completi
complete list

0 No-Er
7 Object

bn-Codes for this;eommand will vary based on the associated compound argumen
s:

For

-Locked-Could-Not-Modify

ation T4 Nor Dosa o d
T T ot

as the

[s. The

8 Singu

TOCIUTT IO IVO

9 Object-Not-Added

10 Duplicate-Object

11 Object-Added-But-Not-Locked

13 Object-Identifier-Not-Found

21 Object-Not-Modified

22 Object-Modified-But-Not-Locked

26 AFI-M

26

ismatch
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27 DSFID-Mismatch

29 Object-Not-Editable

31 Packed-Object-ID-Table-Not-Recognised-No-Encoding
32 Tag-Data-Profile-ID-Table-Not-Recognised

33 Insufficient-Tag-Memory

36 Command-Cannot-Process-Monomorphic-UIl

37 Data-CRC-Not-Applied

34 Length-Not-Encoded-In-DSFID

43 Data-Format-Not-Compatible-Multiple-Records-Header

44 Access-Method-Not-Compatible-Multiple-Records-Header
4y Sector-Identifier-Not-Compatible-Multiple-Records-Header
44 Record-Preamble-Not-Configured

47 Record-Preamble-Not-Locked

295 Execution-Error

8.2.7.3 Conformance requirements

To conform, an encoder shall support this command and its arguments, subject to [the following
conditjons:

— TRhe encoder supports all aspects of the Access-Method.
— THRe encoder supports encoding t6_a Type D segmented memory tag.
— TRe encoder supports the associated Completion-Codes and Execution-Codes.

— Ifany of the first two conditions are not supported, an error is signalled by returning ghe Execution-
Cdde = 4 Command-Net-Supported.

8.2.7.4 Guidancefor appending data

The prjocedure’described in 8.2.3.4 applies to this command.

8.2.8 | Write-Monomorphic-UII

8.2.8.1 Use

The Write-Monomorphic-UIl command instructs the Data Processor to write a Monomorphic-UI], either
initially or to modify an existing Monomorphic-UIl. Arguments are applied selectively depending on the
type of RFID tag being addressed.

The generic encoding process calls for the Data Processor to check that the AFIin the command matches
with the one for a Monomorphic-UII on the ISO/IEC 15961-2 Data Constructs register. If a match is not
possible, either because the AFI is not registered for a Monomorphic-UIl or that no matching AFI can be
found on the register, then the encoding process is aborted.

If the AFI matches, the Object-Identifier is also checked for a match with that on the ISO/IEC 15961-2
Data Constructs register. A mismatch generates an appropriate Completion-Code, but this should only
be treated as a warning about constructing the command. The process continues because the Object-
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Identifier is not encoded. The Data Processor uses the explicitly defined compaction scheme associated
with the AFI on the ISO/IEC 15961-2 Data Constructs register to encode the Monomorphic-UII.

8.2.8.2 Process requirements

To correctly implement this command in the Data Processor, the following process arguments shall be
supported once per tag:

Access-Password (see 10.2.1)

AFI (see 10.2.3)

AFI-Lock|(see 10-24)
Compact{Parameter (see 10.2.9)

Lock-Ull-fegment-Arguments (see 10.2.27)

Memory-Bank-Lock (see 10.2.30)

Memory-Type (see 10.2.32)
Object-Ldck (see 10.2.38)

The command argument Memory-Type (see 10.2.32) should match the type of RFID tag being encoded.

If there is a mptch, then one of the following processes is applied.

For a Type C thg:

For a Type D tlag.

28

If the Accpss-Password is in the command it is used té<match that on the RFID tag to protect 4gainst
unauthorfsed writing of data to the RFID tag.

Next, reafl the content of MB 01 to establish any existing encoding. If this is locked the process is
aborted, ptherwise the process continues.

The encoxing process compacts the Objéct, and if this results in an odd number of bytes appends the
terminatgr byte 004.

The Protgcol Control word is constructed, incorporating the AFI and the length bits.

If this cdmmand is used (to~over-write MB01 with a new Monomorphic-Ull it is necesdary to
compare fhe length of the gurrent and the new byte string. If the new code is of a shorter length, the
interrogajtor shall ensure that bytes representing part of the older code are over-written with zero
bytes.

If the compmand-calls for the Monomorphic-UII to be locked, the entire MBO1 is locked.

Read the content of the UIl segment to establish any existing encoding. If this is locked the process
is aborted, otherwise the process continues.

The encoding process compacts the Object, and if this results in an odd number of bytes appends the
terminator byte 004.

The Protocol Control word is constructed, incorporating the AFI and the length bits. If the tag has
data encoded in the item related segment, or has a simple sensor, these characteristics shall be
encoded and maintained in the Protocol control word.

If this command is used to over-write the Ull segment with a new Monomorphic-UII it is necessary
to compare the length of the current and the new byte string. If the new code is of a different length
(i.e. shorter or longer) to an existing Monomorphic-UlI, the interrogator shall check if an item related
segment is already encoded. If the encoding can still be encoded in the UIl segment without re-
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writing the item-related segment, the encoded bytes are transferred to the interrogator. If the UII
segment shall be increased in size and none of the item-related bytes are locked, the entire memory

ca

NOTE

n be re-written, otherwise the process shall be aborted.

The interrogator calculates a CRC-16 and places this at the end of the encoded words of the UII

segment. Depending on the end position of the UIl segment and the lock boundary, one or more pad words
can be added by the interrogator to achieve alignment.

If the command calls for the Monomorphic-UII to be locked, then the locking shall be as defined in
the Lock-Ull-Segment-Arguments.

If the RFID tag has a single memory for all data:

The firstrequirement is to read the AFI on the RFID tag (which can be encoded in a sep
arga). If this matches, continue, otherwise report an AFI mismatch.

Rdad at least 16 bytes of the content of the user memory to establish any existin
erfcoded bytes are found, then the process continues until a string of four'zero byt
either the AFI or any part of the user memory is locked the process is ahofted, otherwi

C

T}
as

If
of
en

If
en

The fo

Cd
Ex

The Cq

0
7
8
22
25

tinues.

e encoding process compacts the Object and adds the length.oftthe compacted Mor
a prefix.

this command is used to over-write a new Monomorphic=Ull it is necessary to comp
the current and the new byte string. If the new codéis of a shorter length, the inte
sure that bytes representing part of the older code are over-written with zero byte

the correct AFI for the Monomorphic-Ull is not already encoded on the RFID ta
coded.

lowing arguments shall be supported for the response:
mpletion-Code (see 10.3 and below)
ecution-Code (see 10.4)
mpletion-Codes for thiscommand are:
No-Error
Object-Locked-Gould-Not-Modify
Singulation*Id-Not-Found
ObjeetModified-But-Not-Locked

Pdssword-Mismatch

hrate memory

b encoding. If
es is found. If
Ke the process

omorphic-UII

hre the length
Frogator shall
S.

b, then this is

26 AFI-Mismatch

33 Insufficient-Tag-Memory

34 AFI-Not-For-Monomorphic-UIl

35 Monomorphic-UII-OID-Mismatch

255 Execution-Error
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formance requirements

To conform, an encoder shall support this command and its arguments, subject to the following

conditions:

Data constructs register.

the command.

8.2.9 Confi

gure-Extended-DSFID

The Monomorphic-UII shall be compacted to the rules defined for the AFI on the ISO/IEC 15961-2

The encoding on the tag shall be as defined in the processes above for the Memory-Type defined in

8.2.9.1 Use¢

Whereas the
encoding rulg
extended set

Configure-DSFID command (see 8.2.2) provides the Data Processor.‘with the
s to follow when encoding data, there have been additional requirements’that call
of encoding instructions. These include providing the Data Processér with infor}

basic
for an
nation

anism
nent to

about the mefnory capacity and length of encoded data where this cannot be proyided by a mech
in the tag architecture or air interface protocol. Information is also provided.about the requiren
encode a datafrelated CRC, and to declare to the decoder that this processhas been applied.

e-Extended-DSFID command is used prior to encoding the.set these encoding parameters

code the base DSFID.

The Configur
and to also en

8.2.9.2 Profess requirements

mplement this command in the Data Processof, the following process arguments shall be

Ce per tag:

To correctly i
supported on
Battery-Assist-Indicator (see 9.3.16)
Data-CR(tIndicator (see 9.3.12)
DSFID-Ldck (see 10.2.12)
DSFID-Pad-bytes (see 9.3.18)
Full-Fundtion-Sensor-Indicater (see 9.3.17)
Length-Off-Encoded-Data;(see 9.3.11)
Memory-{apacity{see 9.3.11)

Memory-Length*Encoding (see 9.3.11)

Simple_Sp nsor-Indicator (cpn 931 '-'\')

The Extended DSFID is encoded in a slightly different ways depending on the tag architecture:

For tags where the DSFID is encoded as the first byte of memory, the entire Extended DSFID is
encoded starting at the position of the single DSFID.

For tags that have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are encoded
in the dedicated memory location. The remaining bytes are then encoded from the first position of
the data memory.

If there is an intention to encode some extended DSFID parameters initially and add to this later, then
sufficient pad bytes shall be reserved for this purpose.

The following arguments shall be supported for the response:
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Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Completion-Codes for this command are:
0 No-Error
DSFID-Not-Configured
DSFID-Not-Configured-Locked
DSFID-Configured-Lock-Failed

o o Ul A

Singulation-Id-Not-Found
37 Data-CRC-Not-Applied
34 Length-Not-Encoded-In-DSFID

295 Execution-Error

8.2.9.3 Conformance requirements

To conform, an encoder shall support this command and dts*arguments, subject to [the following
conditjons:

— Ifthe RFID tag(s) supported by the encoder have the DSFID in a memory location requirjing an explicit
aif interface command, then the Extended DSFID shall be split with the first byte(g) transported
by the explicit air interface command, and the’remaining bytes transferred with & single write
transaction.

)

— If the RFID tag(s) supported by the encoder have the DSFID in a memory location requiring a
generic air interface write commandjythen the Extended DSFID shall be written withja single write
transaction to a specific location starting with the DSFID position determined by the|Tag Driver.

— Ifthe encoder supports writingthe DSFID, then it shall also support the transfer of arjly DSFID-Lock
argument so that it can beimplemented in the air interface.

— TRhe encoder shall support the associated Completion-Codes and Execution-Codes.
8.2.10] Configure-Multiple-Records-Header

8.2.10.1 Use

Encod|ng multiple records shall be undertaken in a precise sequence of stages. The fifst stage is to
confighire'the MR-header, as defined in this clause. The Configure-Multiple-Records-Heafder command
is used to create all the fields on the RFID tag within the MR-header that provides information about
the types of record encoded on the RFID tag, including the directory. The command is supported by the
following compound arguments defined in ISO/IEC 15961-1, for which additional inherent arguments
are also defined.

DSFID-Constructs

Ext-DSFID-Constructs

8.2.10.2 Process requirements

To correctly implement this command in the Data Processor, the process arguments and compound
arguments defined for the command in ISO/IEC 15961-1 shall be supported. The application command
has the following arguments:
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Access-Password (see 10.2.1)

Directory-Length-EBV8-Indicator (see 10.2.13)

Lock-Multiple-Records-Header (see 10.2.25)

Multiple-Records-Features-Indicator (see 10.2.34)

Pointer-To-Multiple-Records-Directory (see 10.2.43)

Sector-ldentifier (see 10.2.49)

Singulation-Id (see 9.3.2)

For RFID tags

Specifically, for Type C this is Memory Bank 11 and for Type D this is the item-related segment.

The bit settin
defining that
sensors. Both

The Extended
tag architecty

For tags
encoded s

For tags t
in the ded

with segmented memory, the multiple records shall only be encoded in the user m

g for sensors and batteries shall only be applied if the tag has no hafdware md
a sensor is attached. Currently, Type C and Type D are the only RFID-tags that s
use hardware mechanisms to declare the presence of sensors and batteries.

DSFID component of the header is encoded in slightly differént-ways depending
re:

lvhere the DSFID is encoded as the first byte of memeory; the entire Extended DS
tarting at the position of the single DSFID.

Emory.

ans of
1ipport

on the

FID is

hat have a dedicated DSFID memory, the first byte(s) of the Extended DSFID are e

the data

The Data Professor shall accept the address at thestart of the directory provided by the comn

unless the ad

Because the 1
the directory,

The header sh

The response
by the Data P

The Completi
complete list

0 No-Er

licated memory location. The remaining bytesare then encoded from the first pos
emory.

ress is non-existent in the tag memory. In this case, an error shall be reported.

no processing can take place whilst creating the header record.
all be locked according to-the instructions provided in the command.

arguments, as defined for the command response in ISO/IEC 15961-1, shall be sup
rocessor when responding to the application.

bn-Codes for this command will vary based on the associated compound argumen
s

For

thoded

ion of

mand,

hemory length encoding on the data CRC indicator refers to the requirement of these in

ported

[s. The

4 DSFID

-NotConfigured

8 Singulation-1d-Not-Found

25 Password-Mismatch

37 Data-CRC-Not-Applied

38 Length-Not-Encoded-In-DSFID

39 Multiple-Records-Header-Not-Configured

40 Multiple-Records-Header-Not-Locked

41 File-Support-Indicators-Not-Configured

42 File-Support-Indicators-Not-Locked

32
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255 Execution-Error
8.2.10.3 Conformance requirements

8.2.10.3.1 DSFID conformance

To conform, an encoder shall support this command and its arguments, subject to the following
conditions:

— If the RFID tag(s) supported by the encoder have the DSFID in a memory location requiring an
explicit air interface command, then the Extended DSFID shall be split with the first byte(s) encoded
b‘] thoavnlicit o it nnfon co o d s b a Ao dicatn d NMCDTN) s na oy A +tha 4-3.1’ o

e L
1111111 pheitairinterface-commandinthe-dedicated DSEID-memory-onthetagandfhe remaining
byjtes encoded in the user memory.

-

— Ifthe RFID tag(s) supported by the encoder have the DSFID in a memory locatidn requiring a generic
airinterface write command, then the Extended DSFID shall be written to aspecificlodation starting
with the DSFID position determined by the Tag Driver.

— Ifthe encoder supports writing the DSFID, then it shall also supportthe transfer of anfly DSFID-Lock
argument so that it can be implemented in the air interface.

8.2.10.3.2 Other conformance

To conform, an encoder shall support this command and“its arguments, subject to [the following
conditjons:

— THhe encoder supports all aspects of encoding thesheader for the Multiple-Records Acqess-Method.
— THhe Data-CRC-Indicator shall be ignored for¢he header record itself.

— THhe total encoded data length (part of the Extended DSFID) refers to the size of the directory and
shll be ignored for the header recorddtself.

— THhe encoder supports the associated Completion-Codes and Execution-Codes.
8.3 Application commands-and responses — Read
8.3.1 | Read-Object-Identifiers

8.3.1.1 Use

The Read-Object-Identifiers command instructs the interrogator to read all the Objgct-Identifiers
from the RFID tag. This module can be used in advance of a more selective command to 1ead a specific

Object] or'to identify duplicate Object-Identifiers so that a housekeeping procedure can |be invoked. A
Valid esbense if thC REID taa] aagical Maomorys Man hC.S na - Ohicct ldC"}t‘-f‘-CrS Str\vnr] i8 to return an

CoOPOoTTStT TS U5 TCOT I ICIIToT Y P TTO— oo TTT TICITT oTretn T

empty Object-Identifiers list. Only one RFID tag shall be programmed per command to ensure that the
read process is robust.

This command is not used to read Object-Identifiers from a Multiple Record. The functionality is
incorporated in the Read-Multiple-Records command (see 8.3.8)

8.3.1.2 Process requirements
To correctly implement this command in the Data Processor, the following points shall be considered:

— Aninterrogator may provide all the functionality to achieve this application command. Alternatively,
the interrogator may invoke a read command to capture all the encoded bytes a transfer the decode
process to a higher-level device.
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— Thedifferent Access-Methods each provide a means of a faster delivery of the Object-Identifiers than
reading the entire data on the tag. For example, the basic No-Directory syntax enables a decoder to
"step over" the de-compaction process. Achieving this is an implementation issue for each decoder

manufact

The following

urer.

arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

Object-Identifier (see 6.3)

The Completi
0 No-Er
8 Singu
255 Exec

8.3.1.3 Con

To conform, a
associated Co

8.3.2 Read

8.3.2.1 Us¢

The Read-Log
tag and respo
No processing
to identify thg

mpletion-Codes and Execution-Codes.

nd with this in a completely unstructured way (i.e. by returning the encoded byte

bn-Codes for this command are:
For
ation-Id-Not-Found

ition-Error

formance requirements

decoder shall support this command and its arguments:.In addition, it shall supp

Logical-Memory-Map

ical-Memory-Map command is intended'to read the entire memory content of th

takes place through the Data Progessor as part of this read command, so it is not p
encoding structure.

8.3.2.2 Pro([

The comman
the Access-M
bytes in the L

The following

Completi

€SS requirements

applies equally to all Access-Methods, but if a directory structure has been defi
bthod, this shall pe'included in the response, but shall not be distinguished from
pgical Memory(Map.

arguments.shall be supported for the response:

pn-Code(see 10.3 and below)

Execution-Code (see 10.4)

brt the

b RFID
alues).
pssible

hed by
other

Logical-Memory-Mabp (see list in Clause 10)

The Completion-Codes for this command are:

0 No-Error

8 Singulation-1d-Not-Found

19 Read-Incomplete

255 Execution-Error
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8.3.2.3 Conformance requirements

To conform, a decoder shall support this command. In addition, it shall support the associated
Completion-Codes and Execution-Codes.

8.3.3 Read-Objects

8.3.3.1 Use

The Read-Objects command is intended to read one or more data objects from the RFID tag, as defined
by the1r Ob]ect Ident1f1ers The argument Read Type determlnes whether the flrst selected, or all

i ; d s : 3 rgttirent, Max-App-
Length, Wthh enables the apphcatlon to prescrlbe an upper address pomt on the RFID tag beyond
which readlng is discontinued.

This dommand is not used to read Object-Identifiers from a Multiple Recordi/The functionality is
incorpjorated in the Read-Multiple-Records command (see 8.3.8)

8.3.3.2 Process requirements

To corfectly implement this command in the Data Processor, the following process arguments shall be
suppofted:

CHeck-Duplicate (see 10.2.8)
Max-App-Length (see 10.2.28)
Rdad-Type (see 10.2.45)
The following arguments shall be supported fot the response:
Cdmpact-Parameter (see 10.2.9)
Cdmpletion-Code (see 10.3 and below)
Execution-Code (see 10.4)
Ldck-Status (see list in,Clause 10)
OBject (see 6.4)
Object-Identifier\(see 6.3)

Excepf for Execution-Code, the response arguments are associated with each data elemer

-

The Cqmpletion-Codes for this command are:

0 No-Error

8 Singulation-Id-Not-Found
10 Duplicate-Object

13 Object-Identifier-Not-Found
15 Object-Not-Read

255 Execution-Error
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8.3.3.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following:

— Ifthe Check-Duplicate argumentis set to TRUE, then the entire encoded data shall be read to establish
that the subject Object-Identifier is not duplicated. If the Access-Method is Multiple-Records, then
the Check-Duplicate argument is only applied to the specific record being accessed. As there is
no requirement to decode the data Object for Object-Identifiers not called out in the application

command, a process like the Read-Object-Identifiers command could be used.

— If the Max-App-Length argument is invoked, the interrogator and decoder shall only process the

bytes up to the value for that argument.

— The decogler shall support the associated Completion-Codes and Execution-Codes.
8.3.4 Inventory-ISO-Ullmemory

8.3.4.1 Use€

The Inventory-ISO-Ullmemory command is intended to return the contents,of’ the UIl memor
several segmented memory tags, given the expectation that an Object-Identifier for a non-EP
is encoded. The response returns the content of the UIl memory for all-tags whose encoded bit]
matches the arguments of the command.

8.3.4.2 Profess requirements

To correctly [implement this command in the Data Processor, the following arguments sh
supported:

Additiongl-App-bits (see 10.2.2)
AFI (see 10.2.3)
DSFID (sde 10.2.11)

The argumenits provided in the command enable a bit mask to be incorporated into appropri
interface profocol commands to select-only tags that match the bit mask. For tags with encoding
on Object-Idehtifier, the AFI is jricluded as a minimum component of the mask. The DSFID 1

y from
C-Code
string

all be

nte air
based
hay be

added, particfilarly where its value is constant for an application. Additional bits may be added that, for

example, idertify the Precurisor of the first (sometimes only) encoded dataset and any addition
that a certain|to create a tag-selection criterion.

The Data Prog¢essor cancatenates these values into a contiguous bit stream and prepends this wi
="1" and idenltifies-this bit stream as beginning at bit 17h of Memory Bank 01. An error occurs if
of Memory Bank 01'="0".

al bits

h a bit
bit 17h

The following arguments shall be supported for the response:
Compact-Parameter (see 10.2.9)
Completion-Code (see 10.3 and below)
DSFID (see 10.2.11)
Execution-Code (see 10.4)
Lock-Status (see list in Clause 10)
Object (see 6.4)
Object-Identifier (see 6.3)
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otocol-Control-Word (see list in Clause 10)

If the UIl memory encodes more than one Object-Identifier, then these arguments shall be returned
for each data element: Compact-Parameter, Completion-Code (some values), Lock-Status, Object, and
Object- Identifier.

The Completion-Codes for this command are:

0

No-Error

10 Duplicate-Object

13

Object-Identifier-Not-Found

13
25

8.3.4.3

Object-Not-Read

5 Execution-Error

Conformance requirements

To comform, a decoder shall support this command and its arguments, subject to

condit
— TH
— TH

8.3.5

8.3.5.1

The In

ons:
e decoder supports decoding from a segmented memory-\tag.

e decoder supports the associated Completion-Codes and Execution-Codes.
Inventory-EPC-Ullmemory

Use

retur
the co

8.3.5.2

To coy
suppo

Le
Pg

ventory-EPC-Ullmemory command i§‘intended to return the contents of the Ull

s the content of the UIl memory~for all tags whose encoded bit string matches the
mand.

severqﬂnsegmented memory tags, given the expectation that an EPC-Code is encoded.

Process requirements

rectly implement-this command in the Data Processor, the following argum
‘ted:

ngth-of-Mask'(see 10.2.23)

inter {see’10.2.42)

Ta1g—Mask (see 10.2.54)

the following

memory from
The response
arguments of

ents shall be

If the value of the pointer is less than 18h, an error occurs if bit 17h of Memory Bank 01 ="1".

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

EPC-Code (see 10.2.15)

Execution-Code (see 10.4)

Protocol-Control-Word (see list in Clause 10)

The Completion-Codes for this command are:

0

No-Error
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255 Execution-Error

8.3.5.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following

conditions:

— The decoder supports decoding from a segmented memory tag.

— The decoder supports the associated Completion-Codes and Execution-Codes.

8.3.6 Read-Words-Segmented-Memory-Tag

8.3.6.1 Use¢

The Read-Wo
sequence of w
be used to ext
a password. It

rds-Segmented-Memory-Tag command instructs the interrogator to read-a cont

jguous

ords from one of the memory banks of a segmented memory RFID tag. ‘Phis commajnd can

ract encoded bytes, which might not be object-based such as the unique Singulatio
can also be useful for diagnostic purposes.

8.3.6.2 Profess requirements

To correctly
supported:

Access-P4

Memory-

implement this command in the Data Processor, the following arguments s}

ssword (see 10.2.1)
Bank (see 10.2.29)

Word-Co

.

t (see 10.2.59)

Word-Pointer (see 10.2.60)

The following

Completi

arguments shall be supportedfer the response:

pbn-Code (see 10.3 and belew)

Execution-Code (see 10.4)

Read-Dat
The Completi
0 No-Er
25 Passw

h (see list in Clause’10)
bn-Codes fofrthis command are:
For

ord-Mismatch

n-1d or

all be

255 Execution-Error

8.3.6.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following

conditions:

The decoder supports decoding from a segmented memory tag.

on the RFID tag.
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8.3.7 Read-Segments-6TypeD-Tag

8.3.7.1 Use

The Read-Segments-6TypeD-Tag command instructs the interrogator to read all the data from a Type
D tag and instructs the Data Processor to provide the decoded data according to the arguments in the
command. This command can be used to show the content of each segment as a raw byte string, or to

provide more detailed analysis of the content of one or more segments.

This command is not used to read Objects or Object-Identifiers from a Multiple Record encoded on an
RFID tag in conformance with Type D. The functionality is incorporated in the Read-Multiple-Records

command (see 8.3.8)

8.3.7.2 Process requirements
To correctly implement this command in the Data Processor, the following argument shall
Segment-Read-Type (see 10.2.50)

The Tyjpe D air protocol delivers the entire data payload of the RFID. Therefore, the comm
codes fpecify the processes that the Data Processor undertakes, as-defined in 10.2.50.

The fdllowing arguments shall be supported for the responsey/and be included deps
command arguments:

Cdmpact-Parameter (see 10.2.9) Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)

[tgm-Related-DSFID (see 10.2.20)

[tgm-Related-Segment-Map (see 10.2.21)
Ldck-Status (see list in Clause 10)
OBject (see 6.4)

Object-Identifier (see 6.3)

Simple-Sensor-Data-Block (see 10.2.51)
TID-Segment-Map-(see 10.2.55)
Ulfl-SegmentMap (see 10.2.57)

The Cqmpléetion-Codes for this command are:

be supported:

hnd argument

nding on the

0 LNo-Error

19 Read-Incomplete

255 Execution-Error

8.3.7.3 Conformance requirements

To conform, a decoder shall support this command and its arguments, subject to the following

conditions:

— The decoder supports decoding from to a segmented memory tag in conformance with Type D.

— The decoder supports the processing into segments and further into the constituent parts of the UII

segment and the Item-related segment

© ISO/IEC 2022 - All rights reserved
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— The decoder supports the associated Completion-Codes and Execution-Codes.
8.3.8 Read-Multiple-Records

8.3.8.1 Use

The Read-Multiple-Records command instructs the interrogator to read various logically structured
components from an RFID tag configured to encode multiple records. This includes performing relevant
functions defined in 8.3.1 to read a set of one or more Object-Identifiers; and performing the relevant
functions defined in 8.3.3 to read data Objects from an individual record.

The commang-s-applied-to-memoerybankt-of-the-Type-C-tagand-to-the tremrelated-datasqgment
of the Type D| tag. Only one RFID tag shall be programmed per command to ensure that the|reading
process is rofust.

The command is supported by the following compound argument defined in ISO/IEC 15961-1, forwhich
the additional inherent Read-Objects argument is also defined.

8.3.8.2 Profcess requirements

To correctly jmplement this command in the Data Processor, the processyarguments and compound
arguments ddfined for the command in ISO/IEC 15961-1 shall be supported. The application cothmand
has the followjing arguments:

Check-Duplicate (see 10.2.8)
Max-App{Length (see 10.2.28)
Object-Idéntifier (see 6.3)
Read-Recprd-Type (see 10.2.44)
Singulatipn-Id (see 9.3.2)

The Read-Reg¢ord-Type codes 3 to 9 (asdefined in 10.2.44) require the use of one or more Pbject-
Identifiers in fhe command for the Data:Processor to invoke the relevant processes. Three very specific
formats of Object-Identifier are applied’to multiple records:

— For a miltiple record thatiis not part of a hierarchy, the structure is: 1.0.15961.401}"Data-

Format"."sector identifier","record type"."instance-of"."Relative-OID of data element”

— For a multiple recosd:that is part of a hierarchy, but not a data element list, the structure is:
1.0.15961.402."Data~Format"."sector identifier"."record type"."hierarchical id"."Relative-QID of
data elenjent”

— Foramultiplerecord thatis a data elementlist, the structureis: 1.0.15961.403."Data-Format".|sector
identifier ~"record type . hierarchical id - Relative-OID of data element

NOTE This object identifier calls for response to include all the list element numbers.

The first two Object-Identifier structures apply to Read-Record-Type codes 3 to 8. The third listed
Object- Identifier structure only applies to Read-Record-Type codes 3, 4 and 9.

If Read-Multiple-Records-Header (Read-Record-Type code 0) is selected, the Data Processor returns
the interpretation of the MR-header in the Multiple-Records-Header-Structure argument. The response
contains the following compound arguments, for which individual arguments are listed below:

— DSFID-Constructs with the following inherent arguments:
Access-Method (see Clause 11)

Data-Format (see 9.3.6)
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— Ext-DSFID-Constructs with the following inherent arguments:
Battery-Assist-Indicator (see 9.3.16)
Data-CRC-Indicator (see 9.3.12)
DSFID-Pad-bytes (see 9.3.18)
Full-Function-Sensor-Indicator (see 9.3.17)
Length-Of-Encoded-Data (see 9.3.11)

Memory-Capacity (see 9.3.11)

Memory-Length-Encoding (see 9.3.11)
Simple-Sensor-Indicator (see 9.3.15)

The fo]lowing arguments are also in the Multiple-Records-Header-Structure argument:

Multiple-Records-Directory-Length (see 10.2.33)
Muiltiple-Records-Features-Indicator (see 10.2.34)
Nymber-Of-Records (see 10.2.37)
Pdinter-To-Multiple-Records-Directory (see 10.2.43)

Sector-Identifier (see 10.2.49)

If Real-Multiple-Records-Header-Plus-1st-Preamble’(Read-Record-Type code 1) is seledted, the Data
Procegsor returns the interpretation of the MR-header in the Multiple-Records-Header-Structure
argument and the interpretation of the first'record's preamble in the Multiple-Recoiids-Preamble-

contains the
and Multiple-
he compound
cific-Multiple-

essor returns
pry-Structure
al arguments

brds-Header.

altiple-Records-

Header.

The following arguments are also in the Multiple-Records-Directory-Structure argument:
Hierarchical-Identifier-Arc (see 10.2.16)
Identifier-Of-My-Parent (see 10.2.17)
Instance-Of-Arc (see 10.2.19)
Record-Type-Arc (see 10.2.47)

Record-Type-Classification (see 10.2.48)

Sector-Identifier (see 10.2.49)
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Start-Address-Of-Record (see 10.2.52)

If Read-Preamble-Specific-Multiple-Record (Read-Record-Type code 3) is selected, the command shall
include a single Object-Identifier in the Read-Objects list that is certainly defined down to the record
type arc, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The Data
Processor returns the interpretation of the record's preamble in the Multiple-Records-Preamble-
Structure argument. The response contains the following compound arguments, for which individual
arguments are listed below:

DSFID-Constructs with the inherent arguments as defined for the Read-Multiple-Records-Header

— Ext-DSFID-Constructs with the inherent arguments as defined for the Read-Multiple-Records-
Header

The following arguments are also in the Multiple-Records-Preamble-Structure argument:

Data-Length-Of-Record (see 10.2.10)

Encoded-Memory-Capacity (see 10.2.13)

Hierarchi

cal-Identifier-Arc (see 10.2.16)
Identifiert Of-My-Parent (see 10.2.17)
Instance-Of-Arc (see 10.2.19)

Record-Type-Arc (see 10.2.47)

Record-Type-Classification (see 10.2.48)

Sector-Identifier (see 10.2.49)

Start-Address-Of-Record (see 10.2.52)

The Read-All
a series of hi
command sha
the record ty|
Read-0IDs-Re
arcs. To achid

Record-OIDs-Specific-Record-Type" (Read-Record-Type code 4) is used for identifying
tory records of the same typé.or a set of records in a hierarchy of the same type. The
Il include a single Object-Identifier in the Read-Objects list that is only defined d¢wn to
pe arc. The Data Processor returns the list of Object-Identifiers one layer lower|in the
sponse-List, i.e. either with the set of instance-of arcs or with the set of hierarchical id
ve this, the Data Rrocessor shall parse the entire Multiple Records directory; or|if this

is not encode
procedure, th|
that in the Ob

If Read-OIDs

1, the Data Procéssor read and parse the preamble of each Multiple Record. Duri
e Data Processor/shall only retain and report on records whose record type arc m
ject-Identifieriin the command.

Specific-Multiple-Record (Read-Record-Type code 5) is selected, the commang

hg this
atches

| shall

record
e Data
onse-

include a sing
type arc, and
Processor ret
List. This does not apply to Data Element lists.

le Object-Identifier in the Read-Objects list that is certainly defined down to the
the instance-of arc (if applicable) or the hierarchical id arc (if applicable). Th

wnetha lict of Ohiact Idantifiare ancadad vaithin tha racord 190 +thao Da~d OINc . DRac
15— e15tt- o ooy ce-ra e h e e S e e et e Wt e-He ot~ r 55

If Read-All-Objects-Specific-Multiple-Record (Read-Record-Type code 6) is selected, the command
shall include a single Object-Identifier in the Read-Objects list that is certainly defined down to the
record type arc, and the instance-of arc (if applicable) or the hierarchical id arc (if applicable). The
Data Processor returns the list of Object-Identifiers and Objects encoded within the record in the Read-
Objects-Response-List. This does not apply to Data Element lists.

If Read-Multiple-Objects-Specific-Multiple-Record (Read-Record-Type code 7) is selected, the command
shall include the nominated Object-Identifiers that are defined down to the specific data element in
the Read- Objects list. The Data Processor returns the list of nominated Object-Identifiers and Objects
encoded within the record in the Read-Objects-Response-List. This does not apply to Data Element lists.
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If Read-1st-Objects-Specific-Multiple-Record (Read-Record-Type code 8) is selected, the command shall
include the nominated Object-Identifier(s) that are defined down to the specific data element(s) in the
Read- Objects list. The Data Processor returns the list of nominated Object-Identifiers and Objects
encoded up to the Max-App-Length within the record in the Read-Objects-Response-List. This does not
apply to Data Element lists.

If Read-Data-Element-List-Specific-Multiple-Record (Read-Record-Type code 9) is selected, the
command shall include a single Object-Identifier in the Read-Objects list that is defined down to the
data element. The Data Processor first checks that the record is a Data Element list. If so, it uses the
rules of the Access-Method to re-construct the Object-Identifier down to the list element number as
encoded in the data element list and returns this and associated Objects encoded within the record in
the Read-Objects-Response-List. The first four arcs of the root-OID for the application command and
response is 1.0.15961.403. If this is not in the command, then the Data Processor shallyijot implement
the command.

The Cqmpletion-Codes for this command will vary based on the Read-Record-Type code vplue set in the
commgnd. The complete list is:

0 [ No-Error

8 | Singulation-Id-Not-Found

10 Duplicate-Object

13 Object-Identifier-Not-found

15 Object-Not-Read

35 Monomorphic-UII-OID-Mismatch

44 Multiple-Records-Directory-Not-Present

295 Execution-Error

8.3.8.3 Conformance requirements

To confform, a decoder shall support this command and its arguments. In addition, it shalll support the
associaited Completion-Codes and Execution-Codes.

To compform, a decoder—shall support this command and its arguments, subject to the following
conditjons:

— Alj the Read<Record-Types shall be supported.

— Far Read-Record-Type codes 5, 6, 7 and 8, if the Check-Duplicate argument is set to TRUE, then the
entire'reécord shall be read to establish that the subject Object-Identifier is not duplicated.

s 5COT r . - TeCR aTe arg z FRUE, then the
argument shall be ignored, because the intention is to identify multiple occurrences of the Object-
Identifier in the command and return any additional arc.

— If the Max-App-Length argument is invoked, the interrogator and decoder shall only process the
bytes up to the value for that argument.

— The decoder shall support the associated Completion-Codes and Execution-Codes.

The decoder shall support the following, depending on the requirements of the application:
— Atleast one of the Access-Methods defined in this document.

— The decoding from a segmented memory tag in conformance with Type C.

— The decoding from to a segmented memory tag in conformance with Type D.
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8.4 Application commands and responses — Other
8.4.1 Inventory-Tags

8.4.1.1 Use

The Inventory-Tags command is intended to read a set of Singulation-Ids from RFID tags that have a
particular AFI. Itis only applicable where an air interface command supports an inventory process using
the AFI as a named argument and, generally, where a unique chip identifier is used in the arbitration
process.

8.4.1.2 Profess requirements

To correctly [implement this command in the Data Processor, the following arguments shall be
supported:

Identify-Method (see 10.2.18)

Number-f-Tags (see 10.2.18)

The following arguments shall be supported for the response:
Completipn-Code (see 10.3 and below)
Execution-Code (see 10.4)
Identitied (see list in Clause 10)
Number-¢f-Tags-Found (see list in Clause 10)

Typically, the [response should include the argument Identities, which is a list of Singulation-Ids ¢ach of
which has mef the selection criteria.

The Completipn-Codes for this command arex
0 No-Erfor
23 FailedtTo-Read-Minimum-Number-Of-Tags
24 FailedfTo-Read-Exact-Number-Of-Tags

255 Execpition-Error

8.4.1.3 Conformance requirements

To conform, fp {decoder shall support this command and its arguments, subject to the following
conditions:

— That the RFID tag(s) supported by the decoder are capable of being selected using an explicitly
declared AFI and that the response Singulation-Id is used in the arbitration process.

— The decoder shall support the associated Completion-Codes and Execution-Codes.
8.4.2 Delete-Object

8.4.2.1 Use
The Delete-Object command is intended to remove an Object-Identifier and its associated data Object

from the memory of the RFID tag. Invoking this command depends on the Access-Method declared for
the RFID tag. Each of the cases is discussed under the appropriate Access-Method (see Clause 11).
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8.4.2.2 Process requirements

To correctly implement this command in the Data Processor, the following arguments shall be
supported:

Check-Duplicate (see 10.2.8)

The way the Delete-Object command is implemented in the Logical Memory is dependent on the Access-

Metho

d:

— For the No-Directory and Directory Access-Methods if other encoding follows the deleted Object-
Identifier, the Data Processor may replace the deleted bytes with a null dataset (see D.7.5). This

caduraic inualond St ot sl byt Nats Do onccns
154 e

pr;

— Fdr Packed-Objects the Delete-Object command is supported in one of two ways:

CoTtaTr CTro Iy Ut oo toTatIcarry Yy © Doacta T T oCTCSSoTT

If the Packed Object contains an Addendum section then the rules definéd.in 1.5.7

Otherwise the entire Packed Object shall be re-written.

are applied.

— Far Tag-Data-Profiles the Data Processor shall replace the deleted.bytes with a null dataset (see

D.]

— Fj;‘ the Records-Directory Access-Method, the target Object‘ldentifier is identified ac

r
fo

If any
an err

If the
Object
that t}
perfor

If the
datase

This i$

should
The fo
Cd
EX

7.5).

es defined in 11.6.3. Within the record, the rules of the record-specific Access-M{
lowed.

bf the bytes associated with the Object-Identifiér'iS locked, then the Data Processg
DT

Check-Duplicate flag is set to TRUE, the ifiterrogator shall verify, before deleting
that there is only a single instance of the requested Object-Identifier. If the interr
e RFID tag is encoding more than one instance of the referenced Object-Identifi

In the Delete- Object function and shall return the appropriate Completion-Code.

Check-Duplicate flag is set.to ‘FALSE, the interrogator shall delete the first occy
t specified by its Object-Identifier.

an argument that_effectively provides no protection against duplicate Object
only be used when:there is a high expectation of no duplicates.

lowing arguments shall be supported for the response:
mpletion<Code (see 10.3 and below)

ecution-Code (see 10.4)

The Cq

mpletion-Codes for this command are:

ording to the
pthod shall be

r shall return

'he requested
gator detects
br, it shall not

rrence of the

Identifiers. It

0
8

No-Error

Singulation-Id-Not-Found

10 Duplicate-Object

12 Object-Not-Deleted

13 Object-Identifier-Not-Found

14 Object-Locked-Could-Not-Delete

255 Execution-Error
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8.4.2.3 Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments,

subject to the

following conditions:

The device supports a delete function as defined for the Access-Methods that it supports

If the Check-Duplicate argument is set to TRUE, then the entire encoded data shall be read to

establish that the subject Object-Identifier is not duplicated prior to invoking the delete process.

The device supports the associated Completion-Codes and Execution-Codes.

If the Access-Method is Multiple-Records, then the Check-Duplicate argument is only applied

to the

specific recor
8.4.3 Modi

8.4.3.1 Use¢

d being accessed.

fy-Object

The Modify-

bject command is intended to change the value of a data Object assdciated with an

Identifier alrdady encoded on the memory of the RFID tag. The complete memory shall be read to

that the Obj

t-Identifier is not duplicated. If so, the command is aborted. Invoking this con

depends on the Access-Method declared for the RFID tag. In addition,"the procedure is differen

resultant enc
is discussed u

pding length of the modified object is different from the original length. Each of th¢
nder the appropriate Access-Method (see Clause 113

If the data objject is part of a multiple record (identified with the basic root-OID of 1.0.15961.4

a hierarchica

multiple record (identified with the basic ropt-OID of 1.0.15961.402), then the p

to modify a d
on a data ele

Dbject-
bnsure
nmand

I if the

P Cases

01) or
rocess

hta object shall be that of the declared Aceess-Method. A data object cannot be m¢dified

ent list (identified with the basic roof<QID of 1.0.15961.403). If a command carr

instructions fo modify a data element list, the Data, Processor shall not implement the comma
report an errqr.

8.4.3.2 Proess requirements

The Modify-

a) Read the

ject command instructs the Data Processor to carry out three related processes:

complete Logical Memory Map from the RFID tag. If the command is being appli

Multiple Record, then only(that record shall be read.

b) Identifyt
process is
c) Over-wri

invoK

he encoded paeket specified by the Object-Identifier. If duplicated instances are fou
aborted.

e withithe modified encoded packet, or, depending on the Access-Method,

es the
nd and

bd to a

hd, the

ing“a combination of a writing a null dataset where the original bytes were encod

cd and

writing a new dataset; or

— invoking a combination of a deleting and writing a new encoded packet.

If any of the bytes associated with the Object-Identifier is locked, then the Data Processor shall abort
the process and return the appropriate completion code.

To correctly implement this command in the Data Processor, the following arguments shall be

supported:

Compact-

Parameter (see 10.2.9)

Object-Lock (see 10.2.38)
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The way the Modify-Object command is implemented in the Logical Memory is dependent on the Access-

Method:

For the Multiple-Records Access-Method the Modify-Object command is supported as follows:

a) The target Object-Identifier is identified according to the rules defined in 11.6.3.

b) Within the record, the rules of the record-specific Access-Method shall be followed (as defined

below).

For the No-Directory and Directory Access-Methods:

Memory Map, is the same length as its previous encoded byte string, the modified val
written to the same positions.

— If |the byte string is shorter than the previous encoded byte string, thén,the D
automatically encodes an offset to re-align the modified encoding with the'original.

If the byte string is longer than the previous encoded byte string, then it shall be in a di
the Logical Memory Map with this process controlled by the DataPrecessor. A similat
arfse if the Object-Lock argument is set to TRUE in the command>Alternatively, the D
may apply a procedure that automatically replaces the modified bytes with one or m
(s¢e D.7.5) and writes the longer dataset at the end of encoded memory.

For the Directory Access-Method, in addition to modifying the dataset itself (as d¢
additignal processing can be necessary to update the dife¢tory.

For Pa
a)

b) Otherwise the entire Packed Object shall'be re-written.

cked-Objects the Modify-Object command is supported in one of two ways:

If the Packed Object contains an Addendum-Séction then the rules defined in .5.7 are

For Tag-Data-Profiles the following rules apply:

If
M
to

the byte string, that represents the modified data when prepared for encoding
bmory Map, is the samedength as its previous encoded byte string, the modified v3
the same positions.

If |the byte string (is)shorter than the previous encoded byte string, then the D
automatically encodes an offset to re-align the modified encoding with the original.

If
pr

The fo

the byte string is longer than the previous encoded byte string, then there is an
ocess shall cease.

lowing arguments shall be supported for the response:

in the Logical

e is generally

hta Processor

fferent area of
situation can
ata Processor
re Null-bytes

fined above),

applied.

n the Logical
lue is written

hta Processor

error and the

Completion-Code (see 10.3 and below)
Execution-Code (see 10.4)
The Completion-Codes for this command are:
0 No-Error
7 Object-Locked-Could-Not-Modify
8 Singulation-Id-Not-Found
10 Duplicate-Object
13 Object-Identifier-Not-Found
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21 Object-Not-Modified

22 Object-Modified-But-Not-Locked

255 Execution-Error

8.4.3.3 Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments,

subject to the

following conditions:

— The device supports a modify function as defined for the Access-Methods that it supports.

The devid

8.4.3.4 Gui

If the modifi
described in §

8.4.4 Erasd

8.4.4.1 Use¢

The Erase-Me
RFID tag. Thi

e supports the associated Completion-Codes and Execution-Codes.

dance for appending modified data

bd data is longer that the original data and requires being appended, the pro
.2.3.4 applies to this command.

-Memory

mory command is intended to reset to zero the entiré Logical-Memory-Map of a par
includes the directory if this is defined by the Access-Method.

8.4.4.2 Progess requirements

To correctly i
are locked. In

The following

Completi

mplement this command in the Data Rrocessor, all bytes shall be reset, except tho
this case, the Completion-Code Bloeks-Locked (17) shall be returned.

arguments shall be supported for the response:

bn-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completi
0 No-Er
8 Singu
17 Blocks

bn-Codes for thisccommand are:
For
ation-Id*Not-Found

-Locked

redure

ticular

e that

18 Erase

hd h |
HICOIIPICLE

255 Execution-Error

8.4.4.3 Conformance requirements

To conform, a device shall support encoding and decoding to support this command and its arguments.
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8.4.5 Get-App-based-System-Info

8.4.5.1 Use

The Get-App-based-System-Info command is used to return the AFI and DSFID from the RFID tag.
In some air interface protocols, the equivalent air interface command is the only way in which this
information can be retrieved.

8.4.5.2 Process requirements

To correctly implement this command the Data Processor shall call up the equivalent air interface

| A £, £l o Co | P 1d o tlbot |
Comm I difu trdiioict tIic dlllsuqulUll IU LU LI1IdlU CUIIIIIIdITuU.

The following arguments shall be supported for the response:
AHRT (see 10.2.3)
Cdmpletion-Code (see 10.3 and below)
DYFID (see 10.2.11)

Execution-Code (see 10.4)
The Cqmpletion-Codes for this command are:
0 [ No-Error
8 | Singulation-Id-Not-Found
2( System-Info-Not-Read

235 Execution-Error

8.4.5.3 Conformance requirements

To comform, a decoder shall support this command and its arguments, subject to the following
conditjons:

— TReair interface supportéd by the decoder shall have the equivalent command (e.g. ISO/IEC 18000-3
Mode 1).

— THhe decoder shall-support the associated Completion-Codes and Execution-Codes.
8.4.6 | Kill-Segmented-Memory-Tag

8.4.6.1 \“Use

The Kill-Segmented-Memory-Tag command instructs the interrogator to apply appropriate air interface
protocols to render the RFID tag unreadable in future. The Kill-Password in the command shall match
the Password encoded on the RFID tag.

8.4.6.2 Process requirements

The Kill-Segmented-Memory-Tag command does not require any processing through the Data Processor,
other than a transfer using the device interface (e.g. as in ISO/IEC 24791-5) to the interrogator. If it is
incorporated in the Data Processor, then the output interface will simply carry through the command
arguments.

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)
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Execution-Code (see 10.4)

The Completion-Codes for this command are:

0 No-Er

ror

8 Singulation-Id-Not-Found

27 Zero-Kill-Password-Error

28 Kill-Failed

255 Execution-Error

8.4.6.3 Con
To conform, a

The devid
The devid

8.4.7 Deletle-Packed-Object

8.4.7.1 Use¢

The purpose
encoded Obje

8.4.7.2 Pro
The Delete-P3

a)
b) Establish

Identify t

c) Erasethe

If any part of

be aborted, aipd the appropriate completion code returned.

To correctly
supported:

Check-D

formance requirements
device shall support this command and its arguments, subject to the following cond
e supports processing with a segmented memory tag.

e shall support the associated Completion-Codes and Execution-Codes.

bf the Delete-Packed-Object command is to delete'd complete Packed Object, by ug
ct-Identifier as an alias for the Packed Object.

fcess requirements

cked-Object command instructs the;Pata Processor to:
he Packed Object using the Object-Identifier.

the memory location on the entire Packed Object.
complete memory typically by over-writing with the default byte value of the RFIL

the Packed Objectis locked, then the command cannot be invoked, and the proceg

implement-this command in the Data Processor, the following arguments s}

licate (see 10.2.8)

itions:

ing an

tag.
s shall

all be

Object-Identifier (see 6.3)

Singulation-Id (see 9.3.2)

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

0 No-Er

ror

8 Singulation-1d-Not-Found
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10 Duplicate-Object

12 Object-Not-Deleted

13 Object-Identifier-Not-Found

14 Object-Locked-Could-Not-Delete

255 Execution-Error

8.4.7.3 Conformance requirements

To con

orma davicea chall oo Ao t4bhic cornrnand S d Yo
Ao et

— Th
— Th

8.4.8

8.4.8.1

The M
examp
partic

8.4.8.7
The M

a) Id
b) Ch
c) M
d) If
If it is
aborte

To coy
suppo

Ch

ax
o TV IC T ST SU P P oUT C oS- COTTIrorrior o

e device supports processing of Access-Method Packed-Objects.

e device shall support the associated Completion-Codes and Execution-Cédes.
Modify-Packed-Object-Structure

Use

bdify-Packed-Object-Structure command is used to changethe structure of a PacK
le to introduce a directory structure. An encoded Object-Identifier is used as af
hlar Packed Object.

Process requirements
bdify-Packed-Object-Structure command instructs the Data Processor to:
entify the Packed Object using the Object-Identifier.
eck the status of any directory or.capability to add a directory.
pdify the Packed Object as necessary
hecessary, based on the(command arguments, write an additional Packed Object di

not possible to add.the directory structure, or one is already in place, then the pr
d, and the appropriate completion code returned.

rectly implement this command in the Data Processor, the following argum
‘ted:

eck-Duplicate (see 10.2.8)

(0}

ject-Identifier (see 6.3)

wrng conditions:

ed Object, for
alias for the

Fectory.

pcess shall be

ents shall be

Packed-Object-Directory-Type (see 10.2.39)

Singulation-Id (see 9.3.2)

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

0
7

No-Error

Object-Locked-Could-Not-Modify
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8 Singulation-1d-Not-Found

10 Duplicate-Object

13 Object-Identifier-Not-Found

30 Directory-Already-Defined

255 Execution-Error

8.4.8.3 Conformance requirements

To conform, a

8.4.9 Deletle-Multiple-Record

8.4.9.1 Use€

The Delete-M

The bytes thgqt make up the record are not actually deleted, but the subject record and its entry
directory (if

8.4.9.2 Pro
The Object-Id

Multiple-Reca
1.0.15961
1.0.15961
1.0.15961

If the Object-1

If either the 1
record is part
and in turn t
directory ent
established a
preambles an

To correctly
supported:

The devid
The devid

davicachall covnarr thic ~oaa o
513 ¥

yditions:

eV e

e supports processing of Access-Method Packed-Objects.

e shall support the associated Completion-Codes and Execution-Codes.

1ltiple-Record command instructs the interrogator to marka Multiple Record as d

resent) have code values set to indicate that the recordis no longer to be treated as

ICESS requirements

bntifier is to the level where the final arc isthat of the instance-of or hierarchical ide|
rds are identified with one of the following basic root-OIDs:

401
402
403
Hentifier has a different root, the command shall not be processed.

ecord preamble or)the directory is locked, then the command cannot be invoked
of a hierarchicalstructure with the root-OID 1.0.15961.402, then all the child(ren) r
heir children-shall be deleted first. If any of these record preambles, or the assqg
'y, is lockeéd then none of the records can be deleted. This requires the hierarchy
hd thelock status of each record in that hierarchy to have an unlocked status
d the directory (if present).

eleted.

in the
valid.

ntifier.

If the
pcords
ciated
 to be
in the

- 1 PR - h el e D =l Ll - b 1
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Access-Password (see 10.2.1)

Object-Identifier (see 6.3)

Singulation-Id (see 9.3.2)

The following arguments shall be supported for the response:

Completion-Code (see 10.3 and below)

Execution-Code (see 10.4)

The Completion-Codes for this command are:

52

©ISO/IEC 2022 - All rights r

all be

eserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

0

8

13
25
49
50
51

ISO/IEC 15962:2022(E)

No-Error

Singulation-Id-Not-Found
Object-Identifier-Not-Found
Password-Mismatch
Record-Not-Deleted-Preamble-Locked
Record-Not-Deleted-Directory-Locked

Record-Not-Deleted-Lower-Level-Preamble-Locked

25

8.4.9.3

To confform, a device shall support this command and its arguments, subjecttgthe followi

— T}
— Th

8.5 |

Differe
specifi

— (4
ai

— Is
an

— (9
w.

Annex

5 Execution-Error

Conformance requirements

e device supports processing of Access-Method Multiple-Records.

e device shall support the associated Completion-Codes and Execution-Codes.

\ir interface support for application commands

nt air interface protocols can support some, but not all, of the application com
c air interface protocol, an application commands

n be supported as included in this document, whether this is because there is a dired
" interface command, or by invoking a series of air interface commands.

unable to be supported, because features are not supported on the air interface pr
optional manner.

Y.

|A provides this information in more detail for specific air interface protocols.

hg conditions:

mands. For a

tly equivalent

tocol, even in

n be supported, but another application command achieves the same results probaply in a better

r. This clause
fer and share

9 Data Processor’and the air interface

9.1 Use

The Datar Processor receives communications across the air interface, via the Tag Drivg
definep ‘thé basic requirements that enable the Data Processor and RFID tag to trans
information.

9.2 Air interface services

This document is open-ended with respect to the fact that new types of RFID tag may be added to the
ISO/IEC 18000 series that require some interface with the Data Processor. To achieve this, some basic
presumptions are made about the types of RFID tag in the ISO/IEC 18000 series.

— Application memory is an integer number of bytes.

— Application memory shall be organised in blocks. These shall be fixed size and be of one or more
bytes.

©150/1
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NOTE 1

The term "block" is used in this document in a manner consistent with its definition in Clause 3,

because this aligns with the most common usage of the term in air interface protocols. In Type C the term

"word" ha

s a similar function.

The individual blocks shall each be accessible by read and /or write. This applies to the basic function,
additional features may be used to restrict access to authorised users.

In addition to the requirements (above) relating to the memory, there shall be a reliable mechanism
for writing and reading to and from the application memory.

Each type of RFID tag in the ISO/IEC 18000 series shall provide the following air interface services of
the physical characteristics and data capabilities of the RFID tag:

a)

b)
<)
d)
e)

f)
g)
h)
i)
i)

These air intdrface services should be provided by the Tag Driver. A description of a generic Tag
is provided infAnnex B. Details of specific.Tag Drivers are provided in Annex C.

9.3 Definipg the system information

Provide 4 byte location addressing mechanism from the beginning to the end of the appl

memory,

Provide af mechanism to address a specific RFID tag using a permanent or virtual tag identif

Provide t
Provide t

Optionall

the selection mechanism.

Provide amechanism to write and read the DSFID.

Return a
Optionall
Optionall

Support t

9.3.1 Syste

The system ifformation-is-a set of elements that is encoded, or provided by other means, from

tag to the Dat

Gtarting from byte 0. This shall map to the Logical Memory.

he block size (in bytes).
he value of the number of blocks in the application memory.

[y support selection and/or addressing of groups of RFID tags'using to the AFI as

provide the writing capabilities supported by the RFID tag.
[: provide the locking capabilities supported by the RFID tag.

he ability to query the status (locked;or not locked) of the memory blocks.

m information-elements

h Processof when communications are established. The systems information shall

positive or negative acknowledgement (error code).to read and to write commands

cation

er.

bart of

Driver

the RF
ronsist
owing

of the elements listeduin Table 4 with the length of each element and shall be as defined in the fol
subclasses.
Table 4 — System information elements

Element Length

Singulation-1d up to 255 bytes

physical block size (in bytes) 1 byte (hexadecimal value of block size)

number of blocks 1 or more bytes (hexadecimal value of number of blocks)

AFI 1 byte

DSFID 1 byte

9.3.2 Singulation-Id

The Singulation-Id is the means of ensuring reliable communication between the application and the
RFID tag throughout the transaction process via the Data Processor. It is communicated across the air
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interface and the application interface. The Singulation-Id may be up to 256 bytes long, depending on
the rules of the air interface protocol or the way that the interrogator maintains a register of RFID tags
with which it communicates.

NOTE In the 2004 edition of this document the Singulation-1d was called the "Tag-1d". Apart from the change
of name all functions remain the same.

The format of the Singulation-Id shall be as defined for each Tag Driver (see Annex C) and shall be based
on one of the following:

a) A completely unique identifier programmed in the RFID tag, as specified in the ISO/IEC 18000
series).

b) A|data related identifier (e.g. like the unique identifier of transport units (3s specified in
ISP/IEC 15459-1), that provides for uniqueness within the domain of item managemenpt or logistics.
THis requires the data to be read to establish the Singulation-Id.

c) Avyirtual or session ID based on a time slot or other feature managed by, the-air interfface protocol.

d) Cdmbinations of (b) and (c), e.g. a virtual identifier across the air ipterface, but requfiring the data
related identifier to be returned as a response.

9.3.3 | Physical block size

The physical block size is defined as the minimum numbef of 8-bit bytes that are capable of being
writtep to, read from, on the particular RFID tag. If the mifnimum number of bytes differf for read and
write pperations, for the purposes of this document the block size shall be the smaller vajue. The value
is congtrained to between 1 and 256 bytes.

NOTE The block size relates to memory units onthe RFID tag and not necessarily to any conptraint, such as
a framg, on the air interface.

The physical block size shall be identified by any reasonable means using the Tag Driver and air interface
features and is communicated to the Data Processor. The physical block size is not dommunicated
across|the application interface.

9.3.4 | Number of blocks

The nymber of blocks is defined as the number of physical blocks in the user memory of the particular
RFID tpg. For RFID tags.with segmented memory structures, the number of blocks is reqpired for each
memofy bank to which‘the application has access for a read or write command.

The nymber ofblocks shall be identified by any reasonable means using the Tag Driver anfl air interface
features and.is'eommunicated to the Data Processor. The number of blocks is not communicated across
the applicdtion interface.

9.3.5 AFI

The AFI is defined by the application as a single byte value and is used as an air interface selection
mechanism to separate RFID tags with a given AFI from tags with different AFI values. The AFI is
defined by the application as a single byte value in conformity with ISO/IEC 15961-3 and the register
maintained as part of ISO/IEC 15961-2.

9.3.6 DSFID
The DSFID is defined by the application as a single byte value with the following structure:
Bits 8 and 7 Determine the Access-Method (see Clause 11).

Bit 6 [s the extended syntax indicator bit (see 9.3.8).
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Bits 5 to 1 Identify the Data-Format, as defined in ISO/IEC 15961-3 and registered to
ISO/IEC 15961-2.

Once a Data-Format has been specified for an RFID tag (or a specific bank of a segmented memory RFID
tag), all subsequent additional data shall be encoded in a conformant manner. Once an Access-Method
has been specified for an RFID tag (or a specific bank of a segmented memory RFID tag), all subsequent
additional data shall be encoded in a conformant manner, with one exception. It is possible to convert
a No-Directory structure to a directory structure. These points are discussed in greater detail for the
specific Access-Methods (see Clause 11 and associated annexes).

The only alternative process to change the Data-Format and / or Access-Method is to invoke an erase
command and then overwrite all the new data. This process can fundamentally change the original
function of thE application data on the RFID tag.

The single byfte DSFID can support up to four Access-Methods and up to 30 Data-Formats.)Extiension
mechanisms fhat can be applied independently to each are possible as defined in the 'fules|of the
following sublclauses. These subclauses also define support for other functions thatcare not djirectly
supported byfair interface features.

9.3.7 Encodling the Extended-Data-Format

When the ISO/IEC 15961-1 specifies a Data-Format value greater than 3144, the Extended-Data-format
byte is requirfd to encode the value of the Data-Format. bits 5 to 1 of the'single (primary) DSFID pre set
to the value 11111 to indicate that an Extended-Data-Format byte follows. The value of the Extended-
Data-Format pyte is the value of the Data-Format provided by the application command less 32;,. For
example, Datg- Format 69, requires the Extended-Data-Formatbyte to have the value 00100101,

9.3.8 Other extensions using the Extended Syntax indicator bit

If the Extenddd Syntax indicator bit = 0, then all the information about the Access-Method is encqded in
the single byte DSFID and no other functions are indicated as present. If the Extended Syntax indlicator
bit = 1, then ah Extended Syntax flag byte 1 is used (see 9.3.9).

9.3.9 Extended Syntax flag byte 1

The Extended Syntax flag byte 1 is defiried by the application and/or by processes of the Data Professor,
as will be dekcribed in various subclauses. The initial structure is as a single byte value with the
following strycture:

Bit 8 Extended Syntax flag byte 2 indicator (see 9.3.14)
Bits 7 & § Extensions to Access-Method (see Clause 11)

Bits 5 & 4 Mémory length indicator (see 9.3.10)

Bits 3 & 2BatatRCindieator{see 5542

Bit1 Reserved
9.3.10 Memory length indicator bits

9.3.10.1 Values

The memory length indicator bits are determined by arguments in an application command that
recommends its use where the relevant memory is greater than 256 bits, taking into account the
information provided by the air interface (see 9.3.10.2). There are a number of conditions that apply to
particular Access-Methods that are discussed in 9.3.10.3. The 2-bit code values for the memory length
indicator are:
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00, No encoding of the total length of data or memory capacity, as these are small (i.e. not more
than 256 bits)

01, Memory capacity is declared

10, The total length of encoded data is declared

11, Both memory capacity and total length of encoded data are declared

Irrespective of the capability of the air interface to provide a hardware solution for encoding the total
length of encoded data, if the indicator bits are set, then the Data Processor shall update the encoded
length each time that data is written to the RFID tag.

9.3.10L2 Air interface exceptions

The fi
Accesg-Method as follows:

lowing air interface protocol shall make use of memory length encoding, as qujlified by the

ISP/IEC 18000-3 Mode 1: The memory capacity does not need to be encoded, because thisis provided
by| other means in the services from the air interface, particulany through part of the code value
of[the Singulation-Id. The length of the encoded data over 256 bits'should be encoded unless this is
supported by the Access-Method. The length shall be expressed/in blocks, which can vary between
conformant RFID tags.

Ty
M
11
in
Ty
av

pe C: Length encoding shall not be used either for the memory capacity or the enco
emory Banks 00,, 01,, and 10,. The total length ofthé encoded data over 256 bits in
» should be encoded unless this is supported by the Access-Method. The length shal
blocks as defined in this document and expressed as 16-bit words in this air interf:

pe D: The memory capacity does not ne€d'to be encoded because this is declared by
hilable pages of memory. The total length of encoded data is not required for the Ul

Hed length for
Memory Bank
be expressed
ce protocol.

the number of
[ segment and

9.3.10L3 Access-Method requirements and exceptions

Encod
the fol
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the Item-related segment because these lengths are encoded on the tag using hardwgre processes.

ng the memory capacity and the total length of encoded data is applied to the Accefs-Methods in
owing way:

Ng¢-Directory

Unless the Tag Driver has another means of declaring the memory capacity, this should be declared
and encodedcif this is greater than 256 bits. The total length of the encoded data ghould also be
declaredand encoded if this is greater than 256 bits.

Dilrectory

The memory capacity should be encoded if greater than 256 bits unless the Tag Driver has another
means of declaring the memory capacity. The total length of the encoded data should apply to the
directory only, irrespective of its length.

If the directory is added at some later stage over an existing No-Directory structure the original
length of data encoding will not only be different but will refer to different bytes. The length of
encoded directory shall be overwritten at the time that the directory is first prepared.

Packed Objects

Unless the Tag Driver has another means of declaring the memory capacity, this should be declared
and encoded if this is greater than 256 bits. As each Packed Object declares its length, if only one
Packed Object is encoded there is no need to encode the total length of encoded data. The total
length of the encoded data should be declared and encoded if there are two or more Packed Objects
and the total length of all the encoded data is greater than 256 bits.
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— Tag Data Profile

The length of the encoding is declared in the encoded header record, so there is no requirement to
encode length.

— Multiple-Records

The memory capacity is encoded for each Multiple-Record in its preamble.

9.3.11 Procedure for length encoding

The procedure for encoding the memory capacity or total length of encoded data shall be based on the
length encodipigTules defimed T D-3:

9.3.12 Data CRC indicators

The data CRCfindicator bits are generated by the Data Processor, as defined in this subelause. Thg use of
a data CRC is fletermined by arguments in an application command.

The 2-bit cod¢ values for the data CRC indicator are:

00, No data CRC

01, Data CRC applied to each individual dataset

10, Data CRC applied only to the entire encoded data

11, Data CRC applied to each dataset and to the entire encoded data

9.3.13 Data CRC

9.3.13.1 Algorithm

The data CR( s calculated using the polynomial defined in ISO/IEC 13239 (CRC-16-CCITT, conimonly
known as CR{-CCITT): x16 + x12 + x> + 1:[The 16-bit register shall be preloaded with FFFF16 pfrior to
calculating thie CRC-16.

9.3.13.2 Datp CRC applied to a.dataset
The CRC-16 shall be applied(to the entire dataset and encoded immediately after the dataset. If there

is a requirement to blocksalign after the CRC-16, then padding in conformance with the Access Nlethod
shall be used.[The CRC-16-shall be applied to all the datasets encoded on the RFID tag.

9.3.13.3 Datp CRCapplied to the entire encoded bytes

The CRC-16 shattbeapptiedtotheentireencoded data plus—thetermimator byte {607 amdshall be
encoded immediately after the terminator byte.

9.3.14 Extended Syntax flag byte 2

The Extended Syntax flag byte 2 is defined by the application and/or by processes of the Data Processor,
as will be described in various subclauses. The initial structure has the following structure:

Bit 8 Extended Syntax flag byte 3 indicator - an extension for future special features
Bit 7 Simple sensor indicator (see 9.3.15)

Bit 6 Battery-Assist indicator (see 9.3.16)

Bit 5 Full-function sensor indicator (see 9.3.17)
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Bit s 4 to 1 Reserved

9.3.15

Simple Sensor indicator

Simple Sensors have limited configuration capabilities and can be factory programmed, so provide
resultant observations based on their pre-designed functionality. The Simple Sensor indicator is used
when one such sensor is added to an RFID tag. The indicator is only used where the functionality, if
supported on the RFID tag, is not declared by some air interface mechanism. The indicator is set to "1" if

the RF

ID tag supports a Simple Sensor.

The information is transmitted in any response that contains the Extended Syntax flag byte, but any
follow-up action by the interrogator or the application is beyond the scope of this document.

9.3.16

The Bz
the co

suppo
the RH

The in
follow

9.3.17,

The Fy
The in
air int
Sensot

The in
follow

9.3.18
This sy

sequetce of elements shallthe‘used, with elements omitted if not signalled by earlier bytef

The te
preced

Battery Assist indicator

ittery Assist indicator is used when a battery is added to a passive tag to assist w|
mmunication capability of the RFID tag. The indicator is only used,where the fy
'ted on the RFID tag, is not declared by some air interface mechanism, The indicatol
[D tag employs battery-assist power.

formation is transmitted in any response that contains the Extended Syntax flag b
up action by the interrogator or the application is beyond®he’scope of this docums

Full-Function Sensor indicator

[11-Function Sensor indicator is used when one<f ore such sensors are added tq
Hicator is only used where the functionality, ifsupported on the RFID tag, is not dec
erface mechanism. The indicator is set to "T%if the RFID tag supports one or more
S.

formation is transmitted in any respense that contains the Extended Syntax flag b
up action by the interrogator or the application is beyond the scope of this docums

DSFID and Extended Syntax

ntax depends on the value of the Data-Format and Extended Syntax indicator bit.

rm "shall follow"-by each element depends on how the DSFID is encoded, and w|
ing elementstare declared to be present. All the elements shall precede any encod

ith improving
nctionality, if
issetto "1"if

yte 2, but any
nt.

an RFID tag.
ared by some
Full-Function

yte 2, but any
nt.

The following

N

hether all the
ing of data in

conforjmance with-the declared Access-Method.

— D$FID: This shall be encoded according to the rules of the air interfac¢ protocol,
which could be in a separate memory location or with other uger-related
data

— Extended-

Data-Format: If bits 5 to 1 have the value 11111, then this shall follow the DSFID.

— Extended Syntax

ag byte 1: If the Extended Syntax flag byte 2 indicator bit is set in the Extended Syntax
flag byte 1, then this byte shall be the next logical element. In turn, it deter-
mines which of the following optional elements are encoded, which depend
on the air interface and Access-Method constraints as discussed above.

Fl
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Extended Syntax

Flag byte 2:

Syntax Extension

(provisional):

Total Eng
Data leng

Pad byte

Table 5 show

these in the
invoked beyo

Memory capacity:

If the Extended Syntax flag byte 3 indicator bit is set in the Extended Syntax
flag byte 2, then this byte shall be the next logical element. In turn, it deter-
mines which of the following optional elements are encoded, which depend
on the air interface and Access-Method constraints as discussed above.

If future editions of this document specify and support this element, then it

will appear in this logical sequence in the structure.

This is a single byte or multiple bytes indicating the size of the memory in

rticu-

oded
th:

terms ofthe blaock size definition prnwir’]or’] l‘\y the Tag Driver forthe p

lar tag. It is not required if the memory capacity is 256 bits or less.

This is a single bye or multiple bytes indicating the length of the enco
bytes in terms of the block size definition provided by thé.Fag Driver
particular tag. It is not required if the total length of encoded data is 2

bits or less.

If there is a requirement to lock this extended system information, or
example to provide memory for length encoding to be added at a later
it can be necessary to align to a block boufidary. The Null-byte mecha

encoding a sequence of byte 8016 shall-be-ised (see D.7.5).

Hed
for the
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time,
nism,

s all the syntax structures that are possible, {ncluding how future extensions yvill be
addressed. The table only shows bytes that are encoded:~under the different conditions and
equence in which they would appear to a<decoder. Bytes that signal a feature
hd the extended DSFID (e.g. a data CRC)-are shown with "x" in the relevant bit pqg

shows
that is
sition.

The presence|of these is only relevant to the byte inswhich they are encoded and does not affgect the
structure of the remaining bytes in the Extended DSFID.
Table 5 —DSFID extension syntax
DSFID Extended-|Extended Syn-/Extended Syn-|Syntax ex-| Memoryca- Encoded|Pad lpytes
Data-Format|tax flag byte 1 [tax flag byte 2 |tension |pacity length
bb000000 to|Not present |Not present Not present Reserved |Not present|Not present|Not present
bb011110
bb011111 Present Net'present Not present Reserved |Not present|Not present|Condjtional
bb100000 to|Not present) \0bb00000 Not present Reserved |Not present|Not present |Condjtional
bb111110 Access- Method
only
bb100000 to|Netpresent |0xx00xxx Not present Reserved |Not present|Not present|Condjtional
bb111110
bb100000 to|Not present |0xx01xxx Not present Reserved |Present Not present | Conditional
bb111110
bb100000 to|Not present |0xx10xxx Not present Reserved |Not present|Present Conditional
bb111110
bb100000 to|Not present |0xx11xxx Not present Reserved |Present Present Conditional
bb111110
bb100000 to|Not present |1xx00xxx Present Reserved |Not present|Not present|Conditional
bb111110
bb100000 to|Not present |1xx01xxx Present Reserved |Present Not present | Conditional
bb111110
b indicates any value.
x indicates that the value is not relevant to the subsequent structure.
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Table 5 (continued)
DSFID Extended-|Extended Syn-|Extended Syn-|Syntax ex-|Memoryca-| Encoded|Pad bytes
Data-Format |tax flag byte 1 |tax flag byte 2 |tension |pacity length
bb100000 to|Not present |1xx10xxx Present Reserved |Not present|Present Conditional
bb111110
bb100000 to|Not present |1xx11xxx Present Reserved |Present Present Conditional
bb111110
bb111111 Present 0bb00000 Not present Reserved |[Not present|Not present|Conditional
Access- Method
only
bb111111 Present 0xx00xxx Not present Reserved |Notpresent|Not preser}t Conditional
bb111111 Present 0xx01xxX Not present Reserved |Present Not presellt Conditional
bb111111 Present 0xx10xxXx Not present Reserved |Not present|Presént Conditional
bb111111 Present 0xx11xxx Not present Reserved |Present Present Conditional
bb111111 Present 1xx00xxx Present Reserved |Not present|Not preseqt|Conditional
bb111111 Present 1xx01xxx Present Reserved |PreSent Not presellt Conditional
bb111111 Present 1xx10xxX Present Reserved |Notpresent|Present Conditional
bb111111 Present 1xx11xxx Present Reserved.Present Present Conditional
b indicates any value.
x indicgtes that the value is not relevant to the subsequent structure.

The "donditional” state for pad bytes depends ori.the air interface support for selective locking, the
call byl the application to lock this syntax sequenie, or alternatively to leave it unlocked lut to lock the
encod¢d data.

The fqllowing hypothetical example illustrates various aspects of encoding the DSHID and other
featurgs. The data to be encoded is asdfollows:

Adcess Method = 5

D3ta format = 69

Memory capacity =(128 blocks
Length of encoded data = 37 blocks
D4ta CRC applied to all the data

A simple'sensor is on the tag

Anypadbytestoemabte the tfengthof theencode data to be the same size as the memory capacity.

The Data format = 69 is encoded to the rules defined in 9.3.7. The calculation determines the value of
the byte that immediately follows the DSFID byte:

69 - 32 = 37 = 00100101,

The Access Method = 5 is encoded to rules defined in Table 7. Four bits shall be encoded 0010, spread
over different bytes. The lead bits of the DSFID are encoded with 00, and the next bit is set = 1, to signal
that the Extended Syntax flag byte 1 shall be encoded. The value of the first two bytes can be fully
determined and contain the DSFID byte and Extended data format byte:

00111111, 00100101, = 3F25,,
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The Extended Syntax flag byte 1 has the following initial structure to encode the other two bits of the
Access Method (see 9.3.9):

x10XxXXX,

Encoding the indicators for memory capacity and length of the encoded data determines two more bits:

x1011xxx,

Encoding that a Data CRC is applied to the entire data but not to the individual datasets determines two
more bits:

x101110x,

The final bit i§ reserved, so has the default value 02. As this tag has a simple sensor thatis ot dgclared
by an air intefface mechanism, the Extended Syntax flag byte 2 is required, so the ]e¢ad"bit of this flag
shall be set = [L12. The complete encoding of the Extended Syntax flag byte 1 is:

11011100, = DCiq

This byte follpws immediately after the encoded bytes that have already been determined, resulting in
the following string:

3F25DC; ¢

The Extended Syntax flag byte 2 has the following initial structure to encode the fact that thdre is a
simple sensorfencoded on the RFID tag (see 9.3.14):

X1 XXXREKS

There is no indicator for battery assist and full fiinction sensors, so the structure is set as follows:

x100xxxx,

As there are 1jo further extensions defined, the lead bit = 0, and the trailing bits are = 0000, to ifdicate
that they are reserved, resulting ihthis encoding:

01000000, = 40,

The byte strifg is now-éxtended to:

3F25DC40,,

The encoding for the memory capacity foltows the rutes defimed im 9-311; Tesutting i these two bytes:

10000001, 00000000, = 810044

The length of the encoded data is 37 blocks, encoded as 25,4. These three bytes are appended to the
four already determined:

3F25DC40810025,

Finally, as the memory capacity requires two bytes but the length of the current encoded data only
requires one byte, it is necessary to provide a single pad byte, as described in 9.3.18. The complete
encoded DSFID byte string comprises: 3F25DC4081002580.
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9.4 Configuring the Logical Memory

The Logical Memory is assumed to be empty at the beginning of the process of any application read or
write command. This enables the Data Processor to populate the Logical Memory with encoded bytes
using the encoding rules of this document. It also enables transfers across the air interface (usually in
blocks) to partially populate the Logical Memory, to enable decoding by the rules of this document.

The size of the Logical Memory is defined using the physical block size and number of blocks from the
system information (see 9.3.3 and 9.3.4). This can be perceived as a matrix with the physical block size
determining the X-axis and the number of blocks determining the Y-axis. This matrix concept is used
in the remainder of this document. However other structures such as arrays and byte streams are also
likely to be used in implementations.

The Aq
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10.2 Process arguments

10.2.1 Access-Password

The Access-Password is a 32-bit (4 byte) code that provides permission to access data on the RFID tag
either to read or to write. Of the Tag Drivers currently supported, the Access-Password argument only
applies to Type C tags.

The Access-Password is included as an argument in the following ISO/IEC 15961-1 application
commands: Write-Objects-Segmented-Memory-Tag, Write-EPC-UIl, and Read-Words-Segmented-
Memory-Tag. If the Access Password is a non-zero Value then thls 32-bit code shall match with that
on the RFID ta 2 : : : esses this
according to the . rules of the air interface protocol, w1th the password separated into two 16-bit § trings
and processed according to the rules of Type C. If a perfect match is achieved of the 32-bit cadesthen the
other arguments in the application commands can be processed.

Type C indicates that the Access-Password itself is optional, as is support for the Access air inferface
command both on interrogators and RFID tags. If any of these optional features)até not presenit, then
the Completign-Code (25) Password-Mismatch is returned.

10.2.2 Additional-App-bits

The Inventory-ISO-Ullmemory command enables a search on a Type € tag to match a bit pattern|on the
command witlh that on one or more RFID tags in the field. The application command supports selection
on the AFI and DSFID. The Additional-App-bits field allows the hit pattern to be extended to enable a
search to a fiper resolution. For example, it could include théwalue of the Precursor and the Rdlative-
OID. If this figld is included in an application command, itiis concatenated to the AFI and DSF|D and
incorporated directly into the associated Type C Inventory air interface command.

This argumernt is used with Type C when accessing Object-Identifier related data.

10.2.3 AFI

The applicatipn command argument AFD\is used as parameter in the construction of an air inferface
command. Prpcessing this argument.maps the value of the AFI into bit positions in the air inferface
command. There is a possibility that'the AFI will not be explicitly called out in the command, jput its
location within the encoded memaoxy'is specified in the relevant part of ISO/IEC 18000.

This argumert is used with Type C.

10.2.4 AFI-Lock

The applicatign command argument AFI-Lock is BOOLEAN. If set to TRUE, the AFI shall be wriften to
the RFID tag'q system information and be permanently locked. If set to FALSE it shall be written but not
locked.

The AFI-Lock argument is part of the Configure-AFI command, which is not directly supported by Type
C (see A.3.2).

Possible failures to complete the command argument result in the following error, represented by the
Completion-Codes (more fully defined in 10.3):

1 AFI-Not-Configured
2 AFI-Not-Configured-Locked
3 AFI-Configured-Lock-Failed
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10.2.5 Append-To-Existing-Multiple-Record

The application command argument Append-To-Existing-Multiple-Record is a BOOLEAN argument. If
TRUE, the data objects are to be appended to an existing multiple record, subject to various checks by
the Data Processor. If FALSE, then a new multiple record shall be created.

10.2.6 Application-Defined-Record-Capacity

The application command argument Application-Defined-Record-Capacity isa BOOLEAN argument that
applies to a multiple record. If FALSE, the Data Processor automatically determines that the capacity for
the given multiple record is simply based on the encoded data and then increased to be block aligned.
If set ta TRUE, then the application sets the size of memory assigned to the record using the Record-
Memofty-Capacity argument. This is the value used by the Data Processor.

10.2.7| Avoid-Duplicate

The application command argument Avoid-Duplicate is used in a write corhinand to erjsure that the
Objecttldentifier is not already encoded on the RFID tag.

This if a BOOLEAN argument. If set to TRUE, sufficient content of thémemory is read infto the Logical
Memofy until a duplicate Object-Identifier is found, or until the end\of the encoding. Variant processes
based pn the Access-Methods are as follows:

— Ng-Directory: sufficient content of each dataset shall be fead to identify the Object-Identifier.
— Difrectory: the directory can be read to establish the\presence of the candidate Object-Identifier.

— P3cked-Objects: the index of each Packed-Objectis read to establish whether the canfidate Object-
Identifier is present.

— Tdg-Data-Profile: sufficient content of each’dataset shall be read to identify the Objecf-Identifier.

— Multiple-Records: The specific Objéct-Identifier structure (see 11.6.3) identifies a|data element
within a specific record. The final’arc identifies the data element, which shall be used to apply this
argument within the record using the processes (above) for the Access-Method of thejrecord.

If a duplicate of the specified Object-Identifier is found, the write process is aborted, and the appropriate
Completion-Code is used te.indicate the error.

If the l’[OOLEAN argument is set to FALSE, no attempt shall be made to check for duplicatgs.

Possible failures to:¢omplete the command argument result in the following errors, reprgsented by the
Completion-Codes:

9 | Object-Not-Added

1 nllplirnfp-ﬂhjprf

10.2.8 Check-Duplicate

The application command argument Check-Duplicate is used in a read command to ensure that the
Object-Identifier is not already encoded on the RFID tag. This is a check of encoded data that is either
not in conformity with this document, or where the Avoid-Duplicate argument was set to FALSE in the
original write command, possibly by a trading partner.

This is a BOOLEAN argument. If set to TRUE, sufficient content of the memory is read into the Logical
Memory until a duplicate Object-Identifier is found, or until the end of the encoding. The variant
processes based on the Access-Method are as defined in 10.2.7 for the Avoid-Duplicate argument. If a
duplicate of the specified Object-Identifier is found, the Completion-Code (10) is used to indicate the
error, and neither Object-Identifier nor associated Object is returned as a response, because there is no
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way to ascertain which is valid. Other housekeeping commands such as Read-Logical-Memory-Map can
then be used to identify errors on the tag.

If the BOOLEAN argument is set to FALSE, no attempt shall be made to check for duplicates.

Possible failures to complete the command argument result in the following errors, represented by the
Completion-Codes:

10 Duplicate-Object
13 Object-Identifier-Not-Found

10.2.9 Compact-Parameter

The application command argument Compact-Parameter determines what compaction “s¢h¢me is
applied to the| data Object, based on the following integer code values:

0 Applicatipn-Defined - The Object shall not be processed through the data compaétion rules pf ISO/
IEC 1596 and remains unaltered when stored in the Logical Memory Map of the RFID tap. This
compactipn applies to the No-Directory and Directory Access-Methods.

1 Compact} This requires using the basic ISO/IEC 15962 compaction rules to compact the Olject as
efficiently as possible to reduce the number of bytes required on the Logical Memory Map. This
compactipn applies to the No-Directory and Directory Access-Methods.

2 UTF8-Data - This identifies that the Object has been externally transformed from the ISO/IEC|10646
coded character set to UTF-8 encoding. The Object shall.nat be processed through the data cgmpac-
tion ruleg of ISO/IEC 15962 and remains unaltered for transfer to the Logical Memory Map. This
compactipn applies to the No-Directory and Directory*Access-Methods.

3 Pack-Obj¢cts - This identifies that a set of Objects IS to be encoded using the Packed-Object enpoding
scheme ahd identified with the associated Access-Method. If any of the set is defined with a different
Compact{Parameter an error occurred in the command and encoding shall be aborted. Th¢ set of
Objects shall be compacted using the Packed-Object encoding rules.

4  Tag-DataiProfile - This identifies-that a set of Objects is to be encoded using the Tag Data Profile
encoding|scheme and identified with the associated Access-Method. Although the set of compaction
schemes |s identical to the ba%ic ISO/IEC 15962 compaction rules, the Profile IDTable can calll for a
specific cpmpaction schenie:

5 to 14 reservied for future definition.

15 De-Comppcted-Data - This identifies that the Object in a response has been de-compacted using
rules in ISO/IEE; 15962 and restored to its original application input format. This code applies to
any de-cqmpacted data from Access-Methods: No-Directory, Directory, and Packed- Objects. [t does
not applyttaObjects that were ariginally encoded as Application-Defined or ITER-Data_hecause
these codes are carried throughout the command arguments encoded on the tag, and response to
the application.

The Packed-Object encoding scheme may only be applied if the application administrators choose
to adopt the scheme by creating an index table to which source references should be provided in the
register of data constructs (associated with ISO/IEC 15961-2).

10.2.10Data-Length-Of-Record

This application response argument provides the size of the encoded Multiple Record in terms of the
write block size, as encoded in EBV-8 format in the record preamble. The Data Processor returns this in
EBV-8 format.
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10.2.11DSFID

The application command argument DSFID is used as parameter in the construction of an air interface
command. Processing this argument basically maps the value of the DSFID into bit positions in the air
interface command. There is a possibility that the DSFID will not be explicitly called outin the command,
but its location within the encoded memory is specified in the relevant part of ISO/IEC 18000.

This argument is used with Types C and D.

10.2.12DSFID-Lock

The application command argument DSFID-Lock is BOOLEAN. If set to TRUE, the DSFID shall be written
to the RFID tag's system information and be permanently locked. If set to FALSE it shall e written but
not logked.

The DSFID-Lock argument is part of the Configure-DSFID command, which is notydirectly|supported by
Type ( (see A.3.3).

Possible failures to complete the command argument result in the following error, reprgsented by the
Completion-Codes (more fully defined in 10.3):

4 | DSFID-Not-Configured
5 | DSFID-Not-Configured-Locked
6 | DSFID-Configured-Lock-Failed

10.2.13 Directory-Length-EBV8-Indicator

This application command argument is used to.determine the size of the EBV-8 field in the MR-header
that enjcodes the size of the directory. The following codes apply:

1 | Single byte EBV-8
2 | Double byte EBV-8, even if thellength is less than 128 blocks

The vqlue 2 is used for a direetory that is originally small in size but is expected to incrgase in size at
some fluture time. The Data Processor shall encode the EBV-8 using the length defined by the application
command.

10.2.14Encoded-Memory-Capacity

This application fesponse argument provides the size reserved for a Multiple Record in terms of the
write block size;’as encoded in EBV-8 format in the record preamble. The Data Processor feturns this in
EBV-8[format.

10.2.15EPC-Code

The application command argument EPC-Code provides a unique code defined by TDS. Because some
of the codes do not align on an 8-bit boundary, these shall be rounded to 8-bit bytes for processing
through the Data Processor and be rounded to 16-bit words for encoding on the associated RFID tag. No
other processing is required.

10.2.16Hierarchical-Identifier-Arc
The application response argument Hierarchical-Identifier-Arc is an integer value, converted by the

Data Processor from the EBV-8 value encoded in the Multiple Record's preamble from a hierarchical
record.
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10.2.171dentifier-Of-My-Parent

The command and response argument Identifier-Of-My-Parent is used for a multiple record that is part
of a hierarchy and has the value of the hierarchical code of that record. The Data Processor shall check
that the associated parent record exists by establishing that the hierarchical code exists. In addition, it
shall check that it can be a parent from bits 8 to 6 of the Multiple-Records intermediate arcs indicator
having the values 010 or 011. If the hierarchical code exists and the fact that the record can be a parent
is proven, then the record can be written. Otherwise, the encoding process is discontinued, and an error

reported.

10.2.18Identify-Method and Number-Of-Tags

The applicatipn command argument Identify-Method is used to define whether all or somg|of the
RFID tags belonging to the selected AFI in the operating area shall be identified. It shallbe ysed in
conjunction with the command argument Number-Of-Tags (defined later in this subclause). The vialue of
Identify-Method is an integer, and the following codes apply:

0 Inventory-All-Tags - This call for the Singulation-Id of all RFID tags'inthe operatirg field
to be identified, probably with the additional system constraint of a
time limit.

1 Inventory-At-Least - This call for the Singulation-Id of all RFID tags in the operating field to
be identified but differs from (1) in that'an error occurs if the mihimum
number is not found. The minimum'quantity should reflect some value
relevant to the application.

2 Inventory-No-More-Than - This call for the Singulation-Id of a maximum number of RFID tags
in the operating field to b&’identified. This could be used for sampling
purposes.

3 Inventory-Exactly - This call for the;Singulation-Id of a specific number of RFID tag$ in the
operating field\to be identified. This argument can be used to cpnfirm
that itemsate present in the operating field (e.g. within a contajner).

The applicatipn command argument Number-Of-Tags is a conditional qualifier to the basis argument

Identify-Methfod. This numeric selection is defined by the application to confirm by an actual count, or

a partial count, of which RFID tags are in the operating field. The Data Processor and the Tag Driver do

not need to b¢ concerned with the application logic of this command. However, there are some systems

applications tp consider:

— If the Identify-Method-is set to Inventory-All-Tags (0) the Number-Of-Tags should be set to ( in the

applicatign argument.

— If the Identify-Method is set to Inventory-At-Least (1) and the Number-Of-Tags is set to 1, thg RFID

interrogaftor’is effectively being set to wait for an RFID tag to enter the operating field. |t then

responds with the Singulation-Id of the first RFID tag that it detects, and others that are in the
operating area at the same time. If the Number-Of-Tags is set to greater than 1, it is possible that the
argument will need to support with an additional system constraint of a time limit.

Some of the identify arguments can result in an open-ended loop and an indefinite wait. Additional
systems constraints may be required to respond with an appropriate Completion-Code.

10.2.19Instance-Of-Arc

The application response argument Instance-Of-Arc is an integer value, converted by the data Processor
from the EBV-8 value encoded in the Multiple Record's preamble.

68 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

10.2.20Item-Related-DSFID

The application argument Item-Related-DSFID is used as parameter to identify the DSFID encoded with
the Item-Related segment of a Type D tag.

10.2.21Item-Related-Segment-Map

The application response argument Item-Related-Segment-Map is used as parameter to identify the
raw byte string encoded within the Item-Related segment of a Type D tag.

10.2.22Kill-Password

The aiplication command argument Kill-Password requires the Data Processor to paps this to the
interrggator so that the Kill-Password in the command is matched with that on the-RFID) tag. A match
result§ in the RFID tag function being permanently disabled. A mismatch results/in the¢ air interface
rejecting the command.

10.2.2[3Length-Of-Mask

The application command argument Length-Of-Mask represents the number of bits in the [Tag-Mask and
is used as a parameter in the associated Type C Inventory air interfage command.

This argument is used with Type C when accessing TDS data.

10.2.24 Lock-Directory-Entry

The application command argument Lock-Directory-Entry is BOOLEAN and if set |to TRUE the
interrggator shall lock the directory entry for the record.

10.2.25Lock-Multiple-Records-Header

The application command argument Loek-Multiple-Records-Header is used to determine if all, some,
or nonfe of the MR-header is locked. This command argument is presented as an integer [value and the
follow|ng codes apply:

0 | Notlocked
1 | Completely locked
2 | The Number.ofRecord's field remains unlocked; the preceding fields are locked.

3 | The DataLength of the directory field remains unlocked, all other fields includinig the Number
of[Record's field are locked.

4 | The Data Length of the directory field and the Number of Record's field remain| unlocked; all
othrer fietdsaretocked:

The Data Processor shall ensure block alignment. The interrogator shall lock the memory as instructed
by the command.

10.2.26Lock-Record-Preamble

The application command argument Lock-Record-Preamble is BOOLEAN and if set to TRUE the
interrogator shall lock the fields in the preamble.

The Data Processor shall ensure block alignment. The interrogator shall lock the memory as instructed
by the command.
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10.2.27Lock-UIl-Segment-Arguments

The application command argument Lock-UIl-Segment-Arguments defines which component parts
of the UIl segment of a Type D tag to lock. The size of the lock block is determined by the tag model
declared by the TID-S page(s) of the tag.

10.2.28Max-App-Length

The application command argument Max-App-Length is provided as a numeric value equivalent to the
number of bytes to be read starting from the first location on the RFID tag. This shall be converted into
blocks, by dividing the value of the Max-App-Length by the block size and rounding up to a whole block,
as necessary.

The number ¢f blocks is then transferred to the interrogator for the air interface protocol to|répd and
return this nymber of blocks, which should provide the application with the first dataset(s) encoded on
the RFID tag.

The Max-AppiLength argument is only applicable to the Access-Method No-Directory and Direcfory. It
should be applicable to all single bank memory structures, and to Memory Bank 11, of the Typg C tag
and other segmented memory structures.

10.2.29Memory-Bank

The applicatipn command argument Memory-Bank represents a 2-bit code used to distinguish|which
memory ban}4 shall be accessed to invoke the following commands;

— Read-Words-Segmented-Memory-Tag, with possible values (01, to 11,)
— Write-Objects-Segmented-Memory-Tag, with possible values (01, or 11,)

These bit valyes are incorporated directly into the associated Type C air interface commands.

10.2.30Memory-Bank-Lock

The applicatipn command argument Memory-Bank-Lock is BOOLEAN. If set to TRUE, the sglected
memory of the Type C tag shall be permianently locked. If set to FALSE, any data written to the tag shall
not be locked[in the specified memorybank.

The Memory-Bank-Lock argunient is part of the Write-EPC-UIl command, which is only suppoifted by
Type C.

NOTE Forthe Write-ISO>UII and other ISO-related data to be encoded in a Type C tag, different rules ppply.

10.2.31Mempry-Segment

ments

The applicati : nd 2
of a Type D are addressed.

10.2.32Memory-Type

The command argument Memory-Type is used to define which memory structure is intended for
encoding a Monomorphic-Ull, effectively instructing the Data Processor which of the optional and
conditional arguments and processes to apply to the encoding process.

10.2.33 Multiple-Records-Directory-Length

The application response argument Multiple-Records-Directory-Length is an EBV-8 value. If the data
length of directory is not encoded in the MR-header, then a zero value is returned.
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10.2.34Multiple-Records-Features-Indicator

The application command and response argument Multiple-Records-Features-Indicator is a bit map.
The 8-bit value in the command shall be encoded as submitted in the MR-Header. As currently defined
in Q.2.8 some of the values for bits 7 to 4 are either not permitted or are reserved. Bit 1 is also currently
reserved.

The Data Processor shall abort processing the Configure-Multiple-Records-Header command if any
of the bits that are not permitted or are reserved are included in the application command for this
argument.

10.2.35NSI-bits
The application command argument NSI-bits defines a 9-bit code defined by TDS used as’h prefix to the
EPC-Cpde when encoded on the associated RFID tag. The NSI-bits are encoded inbit logations 17h to

1Fh of

10.2.

The af
that is
encodé
match

10.2.

The re
Featur

10.2.

The aj
Object

shall

1
M
he

0
ig
st
en

memory bank 01, of a Type C tag, only when encoding TDS data.

3l6 Number-In-Data-Element-List

plication command argument Number-In-Data-Element-List is©nly used in a hiera
a data element list. The value is the count of the number ofinstances-of the data
bd. The Data Processor should use this as an aid to enstre that the number of

3|7 Number-Of-Records

sponse argument Number-Of-Records is used-itr one of two ways. If bit 2 of the Mult
es-Indicator equals:

then this field is fully maintained as new records are added. A zero value is enco

ader.

hored, e.g. if some record.céunt was initially maintained but later this function was
bpped. In this case the Data Processor returns the EBV-8 value of zero, irrespectiy
coded in the MR-header.

3|8 0bject-Lock

plication €6mmand argument Object-Lock is BOOLEAN. If set to TRUE, the select

locked.

s this value. A mismatch is not treated as an error, so the encoding process continlles.

rchical record
blement being
ata elements

iple-Records-

ded when the

R-header is created. In this case the Data Processor returns the EBV-8 value as encogled in the MR-

then this field is not maintained, and the value should be zero, but any other value should be

decided to be
e of the value

bd Object and

Identifier)(as presented in the ISO/IEC 15961-1 commands) shall be locked accordipg to the rules
that angly for the Tag Drivers. If set to FALSE, neither the Object, nor its associated Ob

ect-Identifier,

The sequence of bytes that need to be locked will vary according to the Access-Method, and further
discussions about locking Objects and associated Object-Identifiers is included in Clause 11.

Additional rules apply to Type C tags (see A.3.8) for details.

10.2.

39Packed-Object-Directory-Type

The application command argument Packed-Object-Directory-Type is used in write and modify
commands to either indicate whether the Pack Object is treated as a directory Packed Object or to
change the status to be a directory. The following codes apply:

0 This Packed-Object is not a directory and does not require one

1 Packed-Object Presence/Absence

© ISO/IEC 2022 - All rights reserved

71


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

2 Packed-Object index field
3 Packed-Object offset
4 Packed-Object pointer-allocation only expecting a future command to set the directory type

Code "0" is used in a write command to identify that the Packed Object is not a directory Packed Object.
Code "5" is used to indicate that a directory will be set at some future time. The other three codes
define different types of directory.

10.2.40Password

The applicatipmcommar rZUTTIET [TeS the byte String th eT value,
qualified by the Password Type ina command that writes the password to the RFID tag The Bass$word-
Type determines the structure of the Password, and if wrong the command shall be rejected. The
Password-Type also determines the location to which the Password is written for the particular air
interface protjocol.

10.2.41Password-Type

The applicati¢gn command argument Password-Type determines which location a password is written
to in the spec]fied memory bank of an RFID tag with a segmented mempry.-This argument qualiffies the
type of Password with the following code values.

0 Kill-Password
1 Acces$-Password

Processing thlis argument requires the password defined\by the Password-Type to be specified to be
written to th¢ appropriate address location in the certect memory bank using a generic air inferface
Write commahnd.

This argumernt is used with Type C.

10.2.42 Poinrr

The applicatign command argument pointer identifies the hexadecimal address of the first bit dgainst
which to apply the Tag-Mask in the’ Inventory-EPC-Ullmemory command. This field is incorpjrated
directly into gn associated Type C-air interface command. It is also used in conjunction with Length-Of-
Mask.

This argumernt is used with Type C when accessing TDS data.

10.2.43 Pointer-To-Multiple-Records-Directory

The application*command and response argument Pointer-To-Multiple-Records-Directory is 1sed to
define the highest block number at the start address of the directory. This is defined as an EBV-8 value.
If a directory is not initially encoded, then a fixed length EBV-8 string of the same length as required
for the start point shall be encoded with a value zero. The start of the directory is not necessarily the
highest address in Logical Memory, because other hardware features of the tag can be specified to be
located there.

The Data Processor shall encode the value provided by the application command unless the value is
greater than the highest addressable memory location. In this case the command processing shall be
aborted, and the MR-header not encoded.
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10.2.44Read-Record-Type

The application command argument Read-Record-Type is used to identify various logical structures
from the RFID tag. This command argument is presented as an integer value and the following codes

apply:

Read-Multiple-Records-Header
Read-Multiple-Records-Header-Plus-1st-Preamble
Read-Multiple-Records-Directory

Read-Preamble-Specific-Multiple-Record

Read-All-Record-OIDs-Specific-Record-Type
Read-OIDs-Specific-Multiple-Record
Read-All-Objects-Specific-Multiple-Record
Read-Multiple-Objects-Specific-Multiple-Record
Read-1st-Objects-Specific-Multiple-Record

© 0O N o U1 » W DD =, O

Read-Data-Element-List-Specific-Multiple-Record The precess rules are defined in 8.3.8.2.

10.2.45Read-Type

The application command argument Read-Type defines which Object-Identifier is to read from the RFID
tag. THere are three Read-Type codes:

0 | Read-First-Objects
1 | Read-Multiple-Objects
2 | Read-All-Objects

The Re¢ad-First-Objects argument-is restricted to the No-Directory and directory Acce$s-Methods. If
this Rgad- Type is selected, thew'the command shall include the list of Object-Identifiers tggether with a
value for the Max-App-Length (see 10.2.28).

The Read-Multiple-Objects argument requires a list of Object-Identifiers to be provjded and can
be applied to any of.the Access-Methods. If the Check-Duplicate argument is set to FALSE for all the
ObjecttldentifierS)the read process may cease once all the Object-Identifiers on the read |ist have been
identiffied. If afny)of the Object-Identifiers have the Check-Duplicate argument set to TRUE| then reading
continpies to'the end of the memory or until a duplicate Object-Identifier is found at which point the
read pfocess is aborted and an error is returned.

The Read-All-Objects argument does not require a list of Object-Identifiers. If any Object-Identifier
is found to be duplicated, then the Completion-Code 10 should be returned, and the reading process
aborted. An appropriate "housekeeping” command should then be used to read the bytes from the RFID
tag.

10.2.46 Record-Memory-Capacity

The application command argument Record-Memory-Capacity is used in commands to write a multiple
record to indicate the amount of memory (in terms of write blocks) to assign, usually to enable the
record to have additional data elements added. It is only used if the application shall over-ride the
automatic sizing by the Data Processor when the Application-Defined-Record-Capacity argument is set
to TRUE.
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10.2.47Record-Type-Arc

The application response argument Record-Type-Arc is an integer value, converted by the Data
Processor from the EBv-8 value encoded in the Multiple Record's preamble.

10.2.48Record-Type-Classification

The application command and response argument Record-Type-Classification is a bit string that
identifies the class of record being encoded. The code values are as defined in Q.3.5.

The Data Processor shall check that the value for this argument in the command aligns with the Object-
Identifier in the command (particularly the value of the fourth arc and the value of the instance-of or

hierarchical-i
a parent cods

which case the Data Processor shall not proceed with the command.

10.2.49Sector-Identifier

The Sector-Id
in the Logica
encoded in th
value. The Da
8 format befo

In commands
Identifier and
with the valug

0, thent
1, thent
2, thent
>2,thent

All other stat

10.2.50Segment-Read-Type

The applicati

segments from a Type D are to be read. There are four Segment-Read-Type codes:

). For hierarchical records there also shall be a logical agreement with the presg
. Any discrepancy points to an ambiguous error in the construction of the comm

entifier is used in the MR-header either to indicate the true Sector¢Identifier for all r
Memory, or to signal that the true value varies between records and the true v

fa Processor accepts the integer value provided in the command and converts this {
e encoding in the MR-header.

to write, read, modify, or delete, the Sector-Identifier is provided as part of the
is already in EBV-8 format. The Data Processor&hall compare the value in the MR-
b in the command. If the MR-header value is:

he command value shall be any value >2
he command value shall be =1

he command value shall be = 2

he command value shall be the same

s are in error and the command shall not be invoked.

bn command‘argument Segment-Read-Type defines which segment, and to what

bnce of
hnd, in

pcords
hlue is

e record. This application command and response argument\is presented as an integer

0 EBV-

Dbject-
header

detail,

0 Read-Pegments
1 Read-pAll<Segment-Details
2 Read-Ull-Segment-Details

3

Read-Item-Related-Segment-Details

Read-Segments requires the Data Processor to parse the payload into a set of byte strings that
represent: the TID segment, the Ull segment, the Item-Related segment (if present), and the Simple
Sensor Data Block (if present).

Read-UII-Segment-Details requires the Data Processor to provide in the response: the AFI, DSFID,
Object Identifier, and data object.

Read-Item-Related-Segment-Details requires the Data Processor to provide in the response: the DSFID
and list of object identifiers.
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Read-All-Segment-Details requires the Data Processor to provide: the TID segment, the UIl segment
to the detail of the Read-UlI-Segment-Details argument, the Item-Related segment to the detail of the
Read-Item- Related-Segment-Details argument, and the Simple Sensor Data Block.

10.2.51Simple-Sensor-Data-Block

The application response argument Simple-Sensor-Data-Block is used as parameter to identify the raw
byte string encoded for simple sensors on a Type D tag.

10.2.52Start-Address-Of-Record

This appheation—re HSe-AFEHReN Fees-thea e he-en e 1ltiple Record
in terms of the write block size, as encoded in EBV-8 format in the multiple record's djr'ectory.

plication command argument Tag-Data-Profile-ID-Table identifies the‘table that|shall be used

The application command argument Tag-Mask represents a bitpattern in the Inventory-EHC-Ullmemory
command to enable tags with this bit pattern from the pointer to be identified and returfed. This field
is incorporated directly into the associated Type C Inyentory air interface command. It is also used in
conjurjction with Length-Of-Mask.

This argument is used with Type C when accessing TDS data.

10.2.55TID-Segment-Map

The application response argument TID*Segment-Map is used as parameter to identify|the raw byte
stringlencoded as the TID, or Singulation-Id, on a Type D tag.

10.2.5/6 UII-DSFID

The application argument:UII-DSFID is used as parameter to identify the DSFID encodeg with the UII
segmept of a Type D tag:

10.2.57 UII-Segment-Map

The application response argument Ull-Segment-Map is used as parameter to identify|the raw byte
stringlencoded within the UIl segment of a Type D tag.

10.2.58Update-Multiple-Records-Directory

The application command argument Update-Multiple-Records-Directory is BOOLEAN, but the
processing on the Logical Memory by the Data Processor shall consider whether a directory already
exists. The following states and processes apply:

— Ifadirectory pre-exists and the command argument is set to TRUE, the directory is fully updated,
including any previously missed directory entries.

— Ifa directory pre-exists and the command argument is set to FALSE, the argument is ignored and
the directory is fully updated, including any previously missed directory entries.

— Ifno directory exists and the command argument is set to TRUE, the directory is created and fully
updated, including any previously missed directory entries.
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— Ifnodirectory exists and the command argument is set to FALSE, no directory is created.

10.2.59Word-Count

The application command argument Word-Count identifies the number of words, counting from the
Word-Pointer, that are to be read from a Type C tag using the application command Read-Words-
Segmented-Memory-Tag. This field is incorporated directly into associated Type C air interface

commands.

10.2.60Word-Pointer

The applicaties

Segmented-M
used in conjul
air interface d

10.3 Compl

Ifacommand
include this i
in Table 6. If
multiple erro
depending on
Logical-Memc

mory-Tag that returns an un-interpreted sequence of bytes on a Type C tag. This
iction with the Word-Count field, and it is incorporated directly into an associated
ommand.

ption-Codes

(formation. This is achieved by means of the appropriate Completion-Code, as sp
errors occur, at least one Completion-Code shall be returned per response. Addy
s is beyond the scope of this document, but multiple Completion-Codes may be pr
the design of the interface. Additionally, the "housekeeping” commands such ag
ry-Map and Read-Words-Segmented-Memory-Tag can be used for diagnostic purpd

Table 6 — List of Completion-Codes

Vords-
field is
Type C

fails to be properly executed and an error is identified, the responseto the applicatign shall

pcified
essing
pvided
Read-
ses.

As (

0 No-Error

AFI{Not-Configured

For $ome reason, possibly because of a prio¥iconfigure action, the command was not completed.
2 AFINot-Configured-Locked

|) but responding that the existing AFI was also found to be locked.

3 AFI-

Sucd

Configured-Lock-Failed

essfully configured but hot locked as required

4 DSF

For

D-Not-Configured

ome reason, possibly because of a prior configure action, the command was not completed.

5 DSF
As ({4

D-Not-Configured-Locked
1) but responding that a pre-existing DSFID was found to be locked

6 DSF

Sucd

D-Configured-Lock-Failed

essfllly configured but not locked as required.

valu

7 Object-Locked-Could-Not-Modify
The previous encodation on the RFID tag was locked, and as a result the attempt to update the Object

e could not be completed.

8 Sing
The

ulation-Id-Not-Found
RFID tag, specified by the Singulation-Id, could not be found in the operating area.

9 Object-Not-Added

The Object and Object-Identifier plus associated syntax bytes could not be added to the Logical Mem-
ory Map (e.g. because there was insufficient memory space). This response also applies if the RFID
tag supports a lock function that failed.
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Table 6 (continued)

10

Duplicate-Object

An Object-Identifier with the same value as the one to be processed (added, modified, o
found. The process was aborted.

r deleted) was

11

Object-Added-But-Not-Locked

The Object and Object-Identifier plus associated syntax bytes was added to the RFID tag that did not

support a lock feature in the memory.

11

Object-Not-Deleted

The Object and Object-Identifier plus associated syntax bytes could not be deleted from the Logical

nterrogator).

Mnmnry an (n g because the delete functionisnot cnppnrtpﬂ hy the parl‘ir‘n]nr REID ]

12

Object-Not-Deleted

The Object and Object-Identifier plus associated syntax bytes could not be deleteéd-fro
Memory Map (e.g. because the delete function is not supported by the particular RFID i

the Logical
terrogator).

13

Object-Identifier-Not-Found
The Object-Identifier intended to be processed was not actually encodéed on the RFID t4

g.

14

Object-Locked-Could-Not-Delete
The Object and Object-Identifier plus associated syntax bytesgsJocked and could not b

b deleted.

15

Object-Not-Read
The intention to read the specified Object failed.

16

Reserved

17

Blocks-Locked

This indicates that the intended action to erase'encoded bytes from one or more blocks
actioned.

could not be

18

Erase-Incomplete

This indicates that the intended action to erase encoded bytes from one or more block$
rupted and that not all blocks have been processed. The command can be re-invoked tq
process.

was inter-
complete the

19

Read-Incomplete

The intention to read thé complete contents of the Logical Memory Map failed, because|
from the RFID tagwere transferred to the Logical Memory.

not all blocks

20

System-Info-Ngt-Read

The intentionto read the system information failed.

21

Object-Npt=Modified

The\Object and Object-Identifier plus associated syntax bytes could not be modified on
Memory Map (e.g. because the modify function is not supported by the particular RFID

the Logical
interrogator).

22

Object-Modified-But-Not-Locked

The Object was modified in the RFID tag that did not support a lock feature in the memory.

23

Failed-To-Read-Minimum-Number-Of-Tags

The minimum number of RFID tags was not identified with the specified selection criterion, possibly

because of a time-out.

24

Failed-To-Read-Exact-Number-Of-Tags

The pre-defined exact number of RFID tags was not identified with the specified selection criterion,

possibly because of a time-out.

25

Password-Mismatch

The Password in the command failed to match the Password encoded on the RFID tag.
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Table 6 (continued)

26

Password-Not-Written

The Password in the command was not written to the RFID (e.g. this writing feature was not sup-
ported on the interrogator or RFID tag).

27

Zero-Kill-Password-Error

The Kill operation was not executed because the Kill password has a zero value.

28

Kill-Failed

The intended air interface Kill command failed (e.g. There was insufficient power to perform the kill
operation).

29

Ob

The |Object, encoded as part of a Packed-Object, was not modified because it is not editable.

Cl-INOT-EdItable

—.

30

Directory-Already-Defined
A Packed-Object already has a directory type defined.

31

PacKed-Object-ID-Table-Not-Recognised

The[[D-Table called for in the command was not supported by the encoder,or interrogator, and pncod-
ing is impossible to achieve.

32

Tag-Data-Profile-ID-Table-Not-Recognised

The[ID-Table called for in the command was not supported by the encoder or interrogator, and pncod-
ing is impossible to achieve.

33

Insufficient-Tag-Memory

The operation failed because there was insufficient memory on the tag to satisfy the requested oper-
ation.

34

AFI-Not-For-Monomorphic-UII

The ppperation failed because the AFI called for in'the command is not registered for Monomor-
phictUIIs.

35

Monjomorphic-UII-OID-Mismatch

The |Object-Identifier defined in the command does not match that on the ISO/IEC 15961-2 Datd Con-
strupts register for this AFI.

36

Comjmand-Cannot-Process-Mondmorphic-UII

A M¢nomorphic-Ull was presented as an Object to command that does support this type of Ull,

37

Datgd-CRC-Not-Applied
At ldast one of the Data-CRCs requested in the Extended-DSFID was not applied to the data.

38

Length-Not-Encgded-In-DSFID
At ldast one-of the requested lengths was not encoded in the Extended-DSFID.

39

Multiple-Records-Header-Not-Configured

SOIII Uf LllU PIUOLTSSCS 1 Cbluil t:l.l [49) LUllfisul [S] LIIV IviulLiplU'RCLUI db'HVddUl LUUIL‘I I1OU bU ProcLess d by
the Data Processor, resulting in an incomplete record.

40

Multiple-Records-Header-Not-Locked

The Multiple-Records-Header was added to an RFID tag that did not support a selective lock feature
in the memory.

41

File-Support-Indicators-Not-Configured

Some of the processes required to configure the File-Support-Indicators could not be processed by
the Data Processor, resulting in an incomplete encoding.

42

File-Support-Indicators-Not-Locked

The File-Support-Indicators field was added to an RFID tag that did not support a selective lock fea-
ture in the memory.
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Table 6 (continued)

43 Data-Format-Not-Compatible-Multiple-Records-Header

The Data-Format in the command is at variance with the controlling Data-Format rules defined in the
MR-header. The record was not encoded.

44 Access-Method-Not-Compatible-Multiple-Records-Header

The Access-Method in the command is at variance with the controlling Access-Method rules defined
in the MR-header. The record was not encoded.

45 Sector-Identifier-Not-Compatible-Multiple-Records-Header

The sector identifier in the Object-Identifier in the command is at variance with the controlling sec-

toridentifier rules defined in the MR-header . The record was not encoded

46 Record-Preamble-Not-Configured

Some of the processes required to configure the record preamble could not be pijoeessg¢d by the Data
Processor, resulting in an incomplete encoding.

47 Record-Preamble-Not-Locked
The record preamble was added to an RFID tag that did not support a selective lock feafure in the
memory.

48 Multiple-Records-Directory-Not-Present

The command to read this directory could not be invoked béeatse of the absence of theg directory.
49 Record-Not-Deleted-Preamble-Locked

The command could not be invoked because the record's preamble is locked.
50 Record-Not-Deleted-Directory-Locked

=

The command could not be invoked because the-record's entry in the directory is locke
51 Record-Not-Deleted-Lower-Level-Preamble;Locked:

The command could not be invoked because the preamble of a lower-level record is locked.
52 Record-Not-Deleted-Encoding-Loeckéd:

The command could not be invoked because part of the record is locked

53to Unassigned
252

253 ISO/IEC 24791-5 Result-Code

This Completion*€ode may be used to pass through the Result code from an ISO/IEC 24791-5 re-
sponse in the-form of "message code" "result value".

254 Undefined4Command-Error

An erroroccurred in a command, not defined by another code.

255 Execution-Error

Asystem error occurred which made it impossible to action the command. The appropriate Execu-
tion-Code is returned in the response.

10.4 Execution-Codes

If a command fails to be completely executed because of a systems error, the response to the application
shall include this information. This is achieved by means of the appropriate Execution-Code, as specified
below. If systems errors occur, at least one Execution-Code shall be returned per response. Addressing
multiple errors is beyond the scope of this document, but multiple Execution-Codes may be provided
depending on the design of the interface.

The following Execution-Codes apply and are equivalent to those defined in ISO/IEC 15961-1.

0 No-Error: The command was executed without error
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255

11 Access-Method

11.1 Methods

No-Response-From-Tag: No response was received from the RF tag

Tag-Communication-Error: The response(s) from the RFID tag(s) was corrupted (e.g. there
was an aborted frame)

Tag-CRC-Error: A CRC error was detected in the RFID tag's response
Command-Not-Supported: The interrogator or RFID tag does not support the command.
Invalid-Parameter: The command parameter(s) are invalid

Interrogator-Communication-Error: An error occurred in the communication between the
application and in the interrogator

Internal-Error: An error occurred in the application software

Unglefined-Error: An error occurred, not defined by another code

The Access-Method, as defined by the application, is the most significant determinant of how fata is
encoded on the RFID tag. The value of Access-Method should be stored on the RFID tag, or thay be
defined by the air interface services, if this can be done unambiguously. The Access-Method is defined
as an integer yalue in the application command and encoded as a compound bit value in the DSFID and

the SFF (Specjal Features flag) byte on the RFID tag.

Table 7 defings the code structure.

Table 7 — Assigned and’reserved Access-Methods

15961-1| 15962 | 15962 |[Name Description
integer | DSFID | SFF bit
code bit dode code

0 op 00 No-Directory This structure supports the contiguous abutting of all the djtasets

1 oL 00 Directory The data is encoded exactly as for No-Directory but the RFID tag
supports an additional directory, which is first read to poinf to the
address of the relevant object identifier.

2 1p 00 Packed-Objects |Thisisanintegrated compaction and encoding scheme that fprmats
data in an indexed structure as defined by the
application administrator (see ISO/IEC 15961-2)

3 1 00 Tag-Data-Profile|This1s an integrated compaction and encoding scheme for a fixed
set of data elements, each of a defined length

4 00 01 Multiple-Records | This encoding scheme enables multiple instances of No- Directory,
Packed-Objects, and Tag-Data-Profile to be encoded on the same
Logical Memory

5 00 10 reserved for future revisions of ISO/IEC 15962

6 00 11 reserved for future revisions of ISO/IEC 15962

7 01 01 reserved for future revisions of ISO/IEC 15962

8 01 10 reserved for future revisions of ISO/IEC 15962

9 01 11 reserved for future revisions of ISO/IEC 15962

10 10 01 reserved for future revisions of ISO/IEC 15962

11 10 10 reserved for future revisions of ISO/IEC 15962
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Table 7 (continued)
15961-1| 15962 | 15962 |[Name Description
integer | DSFID | SFF bit
code bit code code
12 10 11 reserved for future revisions of ISO/IEC 15962
13 11 01 reserved for future revisions of ISO/IEC 15962
14 11 10 reserved for future revisions of ISO/IEC 15962
15 11 11 reserved for future revisions of ISO/IEC 15962
NOTE tmadditiomrto—theencodingschenres dectared—bytheAccess-Method;,theMomomoy phic-Ull is an

additio]

The E)
Access

Each d
Object
encodi

Any of]
subjec

For se
Detail
11.2 1]

11.2.1

The Ac
the by

— D4
en
— Dg
in

The en
to the

nal encoding scheme that is declared directly by the AFI (see 9.3.5).

ktended Syntax flag byte 1 is required for all Access-Methods 4 to 15. It'is only
-Methods 0 to 3 to signal other functions supported by the RFID tag.

f the Access-Methods defines specific encoding rules for the Obje¢tldentifier an
The subclauses that follow describe each of the Access-Methods, and define spe|
ng Object-Identifiers and data Objects.

the Access-Methods may be applied to the user memory pf'a-single memory struct
L to that Access-Method being supported by the applicationStandard.

bmented memory structures, only some of the Acce§s-Methods can be applied to m
5 are provided in the following subclauses.

No-Directory structure

Structure

cess-Method = No-Directory is designed to achieve a combination of flexibility and
fes that are encoded on the REID'tag. In particular:

ta Objects are compacted efficiently using a defined set of compaction techniques t}
coding of data objects onthe RFID tag across the air interface.

ta formatting minimises the encoding of the Object-Identifiers on the RFID tag 2
ferface, but stillprevides complete flexibility for identifying specific data.

coding consists of a repeating cycle of datasets (see 11.2.3), with each additional d3
previousdataset as illustrated in Figure 5.

Data-Set-1>>>>>>>>
>> > Data-Set--2>>>>>

>S>>>>>>>>>>>>>

required for

1l for the data
cific rules for

ure RFID tag,

emory banks.

efficiency for

hat reduce the

nd on the air

taset abutted

Data-Set-3>>>>>>>>
D > N

e veo...... Data-Set--n >
S>>>>>>>>>>>>>
>S>>>>>>>>>>>>>

1

Free space is used for
additional data sets

Figure 5 — Logical Memory Schematic — No-Directory structure
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The first dataset is encoded in the lowest block, subject to any requirements to encode the AFI and
DSFID in the same encoding space.

11.2.2 Restr

ictions to air interfaces

This Access-Method may be used to encode ISO-related data in any memory area where applications
are able to write a UIl and/or item-related data, including the relevant memory banks in a segmented

memory tag.

11.2.3 The dataset

Each dataset gemprises-the-folewingcomponent-parts—seme-of-which-are-conditional-en-the-alue of

the Object-Idgntifier:

— Precursof - This is typically 1 byte long and provides a bit-based meta-data structure 6fithe eficoded
Object-Idéntifier and Object.

Offset - T

his is only present when the dataset shall be aligned on a block boundary, for exar

nple to

ensure thlat the dataset is locked or not locked relative to adjacent datasets:

— The length of the Object-Identifier.

— Object-Identifier - This is a formatted Object-Identifier that may be'éncoded as a Relative-OID, using
the Data-Format to identify the Root-OID and reduce the numbey-of encoded bytes, but still rgquires
only a simiple process to reconstruct the complete Object-Identifier.

— The length of the Object.

— Object - This is the compacted object.

This is a genefal description and there are some varjations to this defined in Table 8.

Table 8 —Dataset structures
Description Structure of byte String for an encoded dataset
Single Relative-OID|Precursor |Length-ofidata |Data ~~
1-14
Single Relativle-OID |Precursor |Relative-OID |Length of data |Data ~~
15-127
Other OID Precursor-{Length of OID |OID ~~ Length of data |Data ~~
Single RelativerOID 1| Precursor |Offset Length of data |Data ~~ Pad ~~
-14 with Offse
Single Relativie-OID [Precursor |Offset Relative-OID |Length of data |Data ~~ |Pad ~~
15 -127 with Qffset
Other OID Wltl GITDCL Pl CLUrsul Offbcl_ LCIIBL}I UfGID GID LCHSL}I Uf Ddl.d F d ~~
data

~~ indicates that this component typically can be multiple bytes.

The number of pad bytes can be 0 to 254, depending on the block size and lock block alignment.

11.2.4 Encoding rules

The encoding rules for this Access-Method are defined in Annex D, with the following annexes providing
additional details:

— Annex E provides detailed rules for the data compaction schemes.

— Annex F provides details of the characters supported in each compaction scheme.
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— Annex G provides an encoding example.
11.3 Directory structure

11.3.1 Structure
The Access-Method = directory has a two-part structure in the Logical Memory:
— The lower addressed blocks are identical to the No-Directory structure.

— The higher blocks contain the directory.

Directpry entries shall be stored in the lowest byte address to the highest byte address sequence within
a block, but in reverse block sequence starting from the last block. Figure 6 illustrates thik.

Data-Set-1>>>>>>>>
>>> Data-Set-2>>>>>
>S>>>>>>>>>>>>>
Data-Set-3>>>>>>>>
S>> i e e e e e e
e vee ... ... Data-Set--n >
>S>>>>>>>>>>>>>
>S>>>>>>>>>>>>>

S

Free space is used forQ
additional data s

NS |

>>>>>blockn2>>>>
>>>>>blockn:1>>>>
Directory %> >>>> >

Figure 6 — Logical Memory schematic — Directory structure

Structpiring the directory in this(reverse sequence of blocks leaves unused blocks available either to
encod¢ additional datasets orldirectory until there are too few blocks remaining to encpde new data.
This flexibility allows fora 'small directory (i.e. few Object-Identifiers) with large datd Objects or a
large directory (i.e. many,Object-Identifiers), each of which could have a small data Object; or any other
combination.

It is possible to begin with a No-Directory Logical Memory structure, and sometime lafer convert to
a dire¢tory structure. This first requires all the content of the RFID tag's application femory to be
transferred testhe Logical Memory of the Data Processor. Then the Access-Method shall pe changed to
indicate that'a directory structure is now invoked, and a directory created. Finally, the IDSFID shall be
updatg¢d-on the RFID tag, and the content of the directory transferred to the RFID tag.

The directory should not be locked, because if so done, it renders it impossible to update datasets in the
No-Directory part of the Logical Memory. However, the datasets in that region of memory may or may
not be locked to suit the needs of the application.

11.3.2 Restrictions to air interfaces

For Type C tags, this Access-Method shall only apply to Memory Bank 11,. No other restrictions are
known.
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The directory

The lengt
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tory structure for Data-Format ="3 ...287"

has the following structure of a repeating cycle for each dataset consisting of:

The Precursor for the dataset.

h of the Object-Identifier (conditional).

The Object-Identifier (conditional).

Directory area.

The address as a byte value of the start of the precursor in the associated dataset within the No-

The length of{the Object-Identifier is conditional because it is only required for Relative-OIDs, g

than 127 or f
in the range 1

The end of thg

11.3.4 Direc

This director
element to be
— Precurso
— The lengt
The Rootj

There is no n¢
the first byte

11.3.5 Encogling the address of the dataset

The address
encoded in th
on the byte ad

NOTE Thej

r full Object-Identifiers. The Object-Identifier is conditional because Relative-OLD
to 14 are directly encoded in the Precursor.

 directory is signalled by the terminator byte, value 0044, as defined in-IX4.

tory structure for Data-Format = 2

y structure is identical to that as described in 11.3.3 exceptfor the fact that th
encoded refers to the Root-OID as follows:

" of the Root-OID.
h of the Root-0ID (in bytes).
OID.

ed to define the address of the Root-OID-because this is encoded in the first datasq
being at the lowest address in the No-Directory structure.

b directory using the lengthéncoding rules defined in Annex O. The address shall be

byte address is used because a dataset can begin or end at other than a block boundary.

11.3.6 Encogling example

An example of the endoding with a directory is provided in Annex H.

11.4 Packed-Objects structure

reater
values

e first

bt with

bf the Precursor of each dataset in the No-Directory section of the Logical Memory is

based

dress of the memory, with the first byte in the first block being defined as byte value 00,,.

The Packed-Objects encoding scheme has been developed since the first edition of this document.
It uses a rules-based table, defined by the application administrator, and registered according to
ISO/IEC 15961-2. This encoding scheme specifies common compaction schemes which are significantly
more efficient than those defined for the No-Directory structure, and a compaction scheme can be
specified for each Relative-OID value in the table. In addition, the Packed-Objects encoding scheme may
specify the use of the same compaction schemes as of the No-Directory Access-Method. This enables a
simpler implementation, but still with encoding efficiencies over the basic No-Directory Access-Method.
The basic process is illustrated in Figure 7.
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Object identifiers
and data Objects

Rule-based

Table [~ Compaction
Schemes

| Metadata | Ident:iﬁers| Compacted Objects |

The

Figure 7 — Packed-Objects encoding process

ject-ldentifiers and data Objects are input into the rules-based table,-"wher

the Object-

Identifiers are separated from the Objects. The Object-Identifiers are encoded\in a group| and the data
is compacted in a group. The encoding sequence consists of metadata, an ihdex of identifiers, followed
compacted Objects. The index allows for all Object-Identifiers encoded within the Packed-Object
dentified, which enables a search for a particular Object-Identifier to be undertaKen efficiently.

by the
to be i
If the

Object]

The de

— An
Op

|
o>

All

|
>

1i

|
e &

Notall
where

This Access-Method mdy)be used to encode ISO-related data in any memory area wher

are ab

required Object-Identifier is not present, then the search can\continue in a subse
structure, if any are encoded on the RFID tag.

tails of Packed-Objects are provided in the following anhexes:

inex | defines fully comprehensive Packed Object) structure detailing all the m|
tional features.

inex | defines the ID tables.
inex K provides details of the encoding tables.

inex L, provides encoding examples:

inex M provides decoding guidelines.

features are mandatory;and a distinction will be made in relevant parts of the text
optional components exist, and how the option is invoked.

e to write a Ul and/or item-related data, including the relevant memory banks iy

memory tag.
11.5 Tag DataProfile
11.5.1] Use

uent Packed-

hndatory and

bf the annexes

b applications
a segmented

The Access-Method = Tag-Data-Profile is designed to support applications that can define all the
encoded data as mandatory and of a fixed or maximum length. It is possible to apply encoding rules that
achieve an efficient encoding of the bytes on the RFID tag. In particular:

— The Tag-Data-Profile table, if accessed by the interrogator, provides a rapid access to any data on the
RFID tag.

— Data Objects are compacted efficiently using a defined set of compaction techniques that reduce the
encoding of data objects on the RFID tag across the air interface.

— The Precursor and other syntax on the No-Directory Access-Method are retained to enable
interrogators with no access to the Tag-Data-Profile to decode the data.
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The encoding consists of some meta-data that uniquely identifies the Tag-Data-Profile plus encoded

datasets that
has a predete

are the same as if encoded using the No-Directory Access-Method, except that all the data
rmined length and compaction.

11.5.2 Restrictions to air interfaces

This Access-Method may be used to encode [SO-related data in any memory area where applications
are able to write a Ull and/or item-related data, including the relevant memory.

11.5.3 Defining the Tag-Data-Profile

A Tag-Data-Pr

registered acq
as defined by
length, forma

11.5.4 Encogling Rules

ording to ISO/IEC 15961-2. The table enables the encoder to convert the Object-Ide
the application, to a byte-mapped position on the Logical Memory. The table also5p
's, compaction scheme and whether the Data Object is locked.

ecifies

The ID table pnd encoding rules for this Access-Method are defined in Annex)N, with the following
annexes prov]ding additional details:

— Annex O provides details of the structure of the Profile table.

— Annex E provides detailed rules for the data compaction schemes.

— Annex F grovides details of the characters supported in eaclycompaction scheme.

— Annex P provides an encoding example.

11.6 Multipje-Records

11.6.1 Structure

The Multiple{Records Access-Method is designed to enable an application to encode more than one

record in the
this clause an
Memory cant
to a partition
files.

The first edit
Relative-OID
overcame thi
Access-Metho
different typ

sed in
Logical
Emory,
bd into

same memory area of the-RFID tag. For precision, the term Logical Memory is U
d associated annexes to'define the bounds of the memory that is being addressed. |
herefore be applied.to.the entire encoding space of a tag with a single addressable m
bd memory such asyan addressable memory bank, or to a memory that is partition

on of thisldecument placed a restriction on having more than one instance of th¢ same
encoded.in the same Logical Memory. The rules of the Multiple-Records Access-Nlethod
5 restriction, but also enables distinct records, which use the encoding rules of other
ds;to” be distinguished one from another. The records may be all the same typg or of

N

The basic structure is illustrated in Figure 8.

The Access-M

— A Multipl
memory.
records.

86

Record

Header Record #1

Record #2 I-

D G

Highest memory address

Lowest memory address

Figure 8 — Basic structure for multiple records

ethod = Multiple-Records has a three-part structure in the Logical Memory:

e-Records header (hereafter MR-header) that is encoded from the lowest address in the
The MR-header shall be of a sufficient size to support the number of initial and future
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— One or more individual records, where each record fully complies with one of the following Access-
Methods: No-Directory, Packed-Objects, and Tag-Data-Profile. The constraint is that the Multiple-
Records Access-Method shall not contain the directory Access-Method (1) or the Multiple-Records
Access-Method (4) itself.

NOTE Future revisions to this document can have the capability to support additional yet-to-be defined
Access-Methods of the individual records.

— The higher blocks contain the directory of all these records, as a series of directory entries, which
may be added later. The directory entries are stored in reverse block sequence starting from the
highest addressable (last) block, but each block is encoded from the lowest byte address to the
highest byte address. This is like the ordering defined in 11.2 for the directory Access-Method.
Stfucturing able either to
erjcode additional records or directory until there are too few blocks remaining ta'endode new data.

end of|the previous record. The directory entries are made in the next available’memorly block lower
e previous end of the directory.

11.6.2] Categories of multiple records

11.6.2l1 Homogeneous Multiple-Records

For th|s document, a homogeneous Multiple-Records encoding is one where all the recprds have the
same Data-Format. This is illustrated schematically in Figuire 9.

Record Service Service
Manufacturer | Warrant . \ Directo
‘ Header v | history #1 ‘ history #2 I | v
Lowest memory address Highest memory addfess

Figure 9 — Example of a homogeneous Multiple-Records encoding, with the sanje domain

Figure 8 illustrates a Logical Memory where data is associated with the same domain| but with the
service history records being created by different individuals, even by different organisptions, within
the framework of that domain( This results in the same Data-Format for each record.

11.6.2l2 Heterogeneous-Multiple-Records

For this document, aheterogeneous Multiple-Records encoding is one where at least two fecords have a
differgnt Data-Fepmat. This is illustrated schematically in Figure 10.

Record Gov't End of | Retailer's .
Manufacturer . . DlreCtOry
Header Life Recycling | Warranty
Ldwest memory address Lliglnncf ROy address

Figure 10 — Example of a heterogeneous Multiple-Records encoding, with different domains

Figure 9 illustrates a Logical Memory where data is encoded by organisations from three different
domains. This results in different Data-Formats for some of the records.

11.6.2.3 Hierarchical records

This is a subset of the Multiple-Records Access-Method where hierarchical levels of data are logically
dependent across the levels in the hierarchy, using a parent-child link between the records. The top-
level records in the hierarchy may be either homogeneous or heterogeneous, but all lower-level records
shall use homogeneous encoding.
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Record Type A
(top level)

Record Type B
(2™ level)

The example in Figure 11 illustrates a set of hierarchical records schematicdlly and a suggested sf

the overview

Record Type C Record Type D Record Type K
(3level) (3"level) (3level)
Obsolete
2010-12-31

Record Type E
(3" level)

Figure 11 — Example of a hierarchy of records

yle for

fo be presented in an application standard. A hierarchical structure may have any number

of levels greater than 1. There can only be one instance of the top-level record type. This ej
shows a seconpd level record where there is only one instance, simply to illustrate that it is possi
example to have an order record below a shipping record. The third layer in the example shows

ample
ple, for
three

different recard types that are possible below the second level and depending on the applicatiop some

of these may

types C and K
included. The
record type C
additional bo3

The presence
update the b3
reverse is als
"obsolete" on
the final reco

This docume
structure:

Each recg

e optional and not present in each hierarchieal structure. The example shows that
can be included several times, but thatsré&cord type D at this level can only occur
example shows that record type E is at the lowest (fourth) level and that each inst
may in turn have only one instance;of record type E (illustrated graphically by hav
Kes).

of record type K in the structure also illustrates that the application administrato
sic hierarchical structure:by adding a completely new type of record at a later da
b permitted (as illustratéd with record type D), but such a record should be shgd
the hierarchical structure, because tags with the structure will still be in circulatio
"d of that type hasbeen encoded.

ht places thetfollowing constraints and freedoms in structuring a hierarchical

rd shallshave a different hierarchical record number.

bvel record shall have the lowest number in the set.

record
once if
ince of
ing no

's may
re. The
wn as
I after

record

The top-1

There are no constraints on the sequence for adding lower level records.

each type.

parentre

Each record type in the hierarchy may comprise of mandatory and optional data elements.

No relative-OID may be encoded more than once in a record.

cord.

There are no constraints on the number of record types in a hierarchy, or the number of records of

Records may be subsequently added to an existing hierarchy, but reference shall be made to its

The structuring rules for multiple records enable many different hierarchical structures to be
developed in application standards. Application administrators should define permitted structures to
provide useful information to those encoding and decoding the records. Because the parent-child link
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is encoded, receiving systems can always reconstruct the intended without knowing the application
standard, but knowledge of what records can establish such a relationship will ensure more efficient
generation of commands and efficient responses.

11.6.2.4 Data element lists

A data element list contains a loop of several instances of the same single data element (e.g. the product
codes of items in a container). Special encoding rules are used to enable what appears to be the encoding
of multiple instances of the same Object-Identifier within the same record.

Having multiple instances of the same Relative-OID is not generally permitted in Access-Methods 0 to 3,
but the mechanisms defined for a data element list enable this to be achieved.

EXAMRLE An airline container has 27 individual items of baggage. The data element has rdles that enable
each of{these to be uniquely identified.

11.6.3| Object-Identifier structure

11.6.3.1 Use

To support the processing of Multiple-Records on the interrogater,” an implementatioh of the Data
Procegsor, or at the application layer, the Object-Identifier shall"follow one of three[standardised
structfires. This also ensures that older implementations that‘cannot support Multiplg-Records can
carry put some basic processing.

11.6.3.2 The non-hierarchical Multiple-Record

The full Object-Identifier for a non-hierarchical recerd is:
1.0.15961.401. "data format = dictionary.""sector identifier"."record type"."instance-qf".
"Reelative-OID of data element”

The arics shown in bold text identify the root-OID. The following example describes the stfucture:

— TRhe arc 401 identifies this-as'a Multiple-Record that is not part of a hierarchical strudture.

— THRe arc for the data format = dictionary shall be the same as that for an existing regjstration for a
D3ta- Format. For example, the arc =13 identifies the data dictionary for the mapping|table for Data
Identifiers.

NQTE THis-means that even if the registered data format has a root other than 1.0.15941 that the root
defined in this clause applies for multiple records.

— THhe adwiinistrators of the data dictionary should assign a sector identifier to an administration that
wilhd€éfine record types for a particular sector, e.g. a manufacturing sector using Data Identifiers.
Further details are provided in 11.6.4.

— Thereafter, the sector administrators will be responsible for the assignment of a value for the arc
for the record type for each defined record. The records shall be defined in a sector application
standard, but do not need to be registered under ISO/IEC 15961-2 procedures.

— The instance-of arc is assigned by the user at the time that the record is created. Non-zero values
indicate the encoding of the same record type (e.g. a maintenance record) at different points in time.
A zero-value instance-of arc in the OID structure is used to mean that there can be only one instance
of this record in the Logical Memory.

— The Relative-0ID of the data element arcis identical to that of the data element in the data dictionary,
e.g. when using Data-Format 13, Relative-OID = 16 = Data Identifier 1P (Item Identification Code
assigned by Supplier).
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11.6.3.3 Hierarchical Multiple-Record

The full Object-Identifier for a hierarchical record is:

1.0.15961.402."data format = dictionary"."sector identifier"."record type"."hierarchical id".

"Relative-0ID of data element”

NOTE See 11.6.3.4 for the data element list, which is a subset of the hierarchical record structure.

The arcs shown in bold text identify the root-OID. The following example describes the structure:

11.6.3.4 Thd data element list

The arc 402 identifies this as a Multiple-Record that is part of a hierarchical record structure.

The arc for the data format = dictionary is in conformity with the rules defined in 11.6.3:2 f(I)r data
format = flictionary.

The admipistrators of the data dictionary should assign a sector identifier to an administratipn that
will definle record types.

Thereaftgr, the sector administrators will be responsible for assigning a(value to the arc for the
record typpe for each defined record. The records shall be defined in a séctor application stajndard,
but do nof need to be registered under [SO/IEC 15961-2 procedures.

In additidn, the hierarchical parent-child relation as illustrated i Figure 11 shall be defined in the
applicatign standard.

The hiergqrchical identifier arc is assigned by the user at’the time that the record is creatdd. The
value 0 shall not be used to avoid ambiguity with a non-hierarchical record that has zerq value
instance-pf arc.

The valud of the data element arc is in conformitywith the rules defined in 11.6.3.2 for the Rdlative-
OID of th¢ data element.

This is a hierdrchical record that lists thé_ same data element repeatedly. The full Object-Identifi¢r for a

data element Jist is:

The arcs shown in bold%ext identify the root-OID. The following example describes the structursg:

90

1.0.15961.403."data format =:dictionary"."sector identifier"."record type".

"hierarchiical id"."Relative-OID of data element"."list element number"

The arc 403 identifies this as a Multiple-Record that is a data element list and part of a hierafchical
record stfucture.

The arc for the data format = dictionary is in conformity with the rules defined in 11.6.3.2 for data
format = dictionary.

The administrators of the data dictionary should assign a sector identifier to an administration that
will define record types.

Thereafter, the sector administrators will be responsible for the assignment of a value for the arc
for the record type for each defined record. The records shall be defined in a sector application
standard, but do not need to be registered under ISO/IEC 15961-2 procedures.

In addition, the hierarchical parent-child relation as illustrated in Figure 11 shall be defined in the
application standard.
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— The hierarchical identifier arc is assigned by the user at the time that the record is created. The
value 0 shall not be used to avoid ambiguity with a non-hierarchical record that has zero value
instance-of arc.

— The value of the data element arc is in conformity with the rules defined in 11.6.3.2 for the Relative-
OID of the data element.

— The list element number is a sequentially assigned number to each data element encoded in the
record.

11.6.4 Sector identifier

Three|sector identifiers have specific meanings. The sector identifier = 0 is not used |n the Object-
Identifier structure because it is used in the encoding of the MR-header to indicate that'the true sector
identiffiers defined in each record.

A sectpr identifier with the value = 1 shall be used to declare that the recotd)types are for a closed
systenp application. The data elements shall be in conformance with the data-dictionary.

A Sectpr identifier with the value = 2 shall be used in the following,manner. Many datp dictionaries
have dne or more primary keys identified by Relative-OID value(s)»Fypically, such prithary keys are
encod¢d in the first position in a record, for example the Relative-OID = 19 in the Data Identifier data
dictionjary is for a CLEI code for telecommunications equipment., Other data elements arg encoded that
identifly associated attributes of the CLEI coded item. To signal that the record containk a particular
primary key data element, the record type following sector identifier= 2 shall have the §ame value as
the firpt data element of the record, i.e. the same value-asithe record's primary Kkey, so, ir} the example,
the following full Object-Identifier identifies that the.CEEI code is the primary key:

1.0.15961.402. "data dictionary"."sector identifier = 2"."record type =19".

Therefore, the administrators of the data.dictionary shall assign sector identifiers |ncrementally
starting with the value 3.

11.6.5] Restrictions to air interfaces

This Access-Method may be applied to any tag that has sufficient memory to support what is likely
to be a larger requirement for’encoding capacity. Specific additional constraints apply to tags with
segmepted memory. For the Type C tags, the Multiple-Records Access-Method shall only|be applied to
Memofy Bank 11,. For the Type D tag, this Access-Method shall only applied be to the itemp-related data
segmept.

11.6.6( Encoding rules

The dqtails§ of Multiple-Records defined in the following annexes:

Av may N dafinc Sl b o bocio wlac o b o agaan o rhaotavoagarnacna e Nl 10 DA -d d
e atmmC Sttt oasSTIC T oS TOT oo gt It oS OT CTCTr o gt nCoTSTvroTarpre—1teeo s enco lng.

— Annex R defines the additional rules for hierarchical records.

— An example of the encoding with a directory is provided in Annex S.

12 ISO/IEC 15434 direct encoding and transmission method using Access-Method
0 and Data-Format 3

12.1 Use

The ISO/IEC 15434 direct encoding and transmission method is designed to support the encodation
and transmission of a complete ISO/IEC 15434 message in a compatible manner with similar messages
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in 2-D bar code symbols. This enables ISO/IEC 15434 messages to be used independently of the data
carrier technology being selected.

Developers of application standards shall be aware this method requires the entire message to be read
and parsed to extract a particular data element. There are alternative encoding schemes supported by
the document that support the encoding of individual data elements defined with an Object-Identifier
that enable selective reading and writing between the application and the RFID tag.

12.2 General rules for ISO/IEC 15434 direct encoding

ISO/IEC 15434 specifies a syntax for high-capacity ADC media for a message envelope consisting of:

— amessage header,

— one or mqdre format envelope(s),

— amessage trailer (when required).

Each format gnvelope within the message envelope consists of:

— aformat header,

— data, forrhatted according to the rules defined for that format,
— aformat frailer (when required).

An ISO/IEC 15434 message always starts with the followingifour-character string for the message
header:

[)>Rs

The direct ehcoding method has rules to simplify~'the encoding, often enabling a specifi¢ 6-bit
compaction s¢gheme to be used. This code set includes the ISO/IEC 15434 control characters <RS>, <GS>,
and <EOT>. Allso encoding "shorthand" techniqiies are employed, for example to eliminate the rjeed to
encode the message header, yet still re-creaté this on the output transmission from the decoder.

Annex T defines the detailed encoding.rules for ISO/IEC 15434 direct encoding and transnpission
method using|Access-Method 0 and Data-Format 3.

12.3 Specific support for IS017364, I1SO 17365, 1S0O 17366 and ISO 17367

The charactef set and encoding rules for ISO 17364, ISO 17365, ISO 17366 and ISO 17367 appligations
are a subset qf the general' rules for ISO/IEC 15434 direct encoding. As a result, the same encoder and
decoder procg¢sses are.used.

Annex U des¢ribes’ISO/IEC 15434 direct DI encoding and Transmission for ISO 17364, ISO [17365,
ISO 17366 and ISO 17367

13 Monomorphic-Ull encoding

13.1 Use

The Monomorphic-Ull encoding scheme is designed to achieve a simple encoding of a Unique Item
Identifier when encoded in a memory area dedicated to this function, and where no additional data is
encoded in the same memory area. All the features can be self-declaring through the registration of the
particular AFI code values according to ISO/IEC 15961-2. The following conditions apply:

— An AFI assigned to a particular Monomorphic-UII shall not support the encoding of any additional
item-related data. If item-related data is required for the application, then this shall use an entirely
different AFI and Data-Format.

92 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

The Monomorphic-UlI is therefore only capable of being encoded in a tag memory arc

hitecture that

supports the separate encoding of a UIl or as a single data object in a monolithic structured memory

tag.

The AFI fully defines all the arcs of the Object-Identifier for communications in the
ISO/IEC 15961-1 and in the ISO/IEC 24791 series.

The Monomorphic-UIl does not require the encoding of a DSFID.

commands of

Each AFI shall declare which of the encoding schemes, as defined in the following subclauses, is used. In
addition, the registration of the AFI in conformity with ISO/IEC 15961-2 shall define all the necessary
additional parameters, including: The Object-identifier for the UIl, whether the UII is fixed length or

variab . ;
the length of the encoded UII then the fact that this is required as a preamble to the encod
part of the registration.

If the AFI declares that 6-bit encoding is used for the particular UlI, the character set shal
charaqters 20, to 5F ¢ as defined in Annex F. The UlI shall be encoded using the 6-bit ena
as defined in E.5.

If the {
requir
If the 4
the co
UIL

ag architecture supports a method to declare the size of‘encoding of the UIl memo
ement to encode any length indicator on the RFID tag, even if the UIl may be of diff
g architecture does not support a method to declarethe size of encoding of the UlI
mpacted UII shall be preceded by a single byte jindicating the length, in bytes, of t

The end of the encoding is defined by the 6-bit,encoding rules, with one minor variat
architg

of the pad string "100000" is repeated as ne¢essary in full and then truncated to fill the ef]

d of declaring
bd Ull shall be

I be limited to

oding scheme

ry, there is no
erent lengths.
memory, then
he compacted

on. If the tag

ecture supports an encoding unit of mog€'than an 8-bit byte (e.g. Type C uses a 16-bit word) then

coding space.

Using the example of encoding on a 16-bitWword structure, the following are the eight end|conditions:

Ex

actly on the boundary - no actien

Rqquiring two pad bits - encede 10,

Rqquiring four pad bits - encode 1000,

Rqquiring six pad-bits - encode 100000,

Rqquiring eightpad bits - encode 10000010,

Rgquiring'ten pad bits - encode 1000001000,

Rquiring twelve pad bits - encode 100000100000,

Requiring fourteen pad bits - encode 10000010000010,

non

The decoding rules as defined in E.5 apply so that if pad strings "10,", "1000," or "100000," are present
at the end of the encoded bit string, they are discarded. For a Monomorphic-UII there can be repeated
patterns, as shown above, that need to be discarded.

13.3 7-bit encoding

If the AFI declares that 7-bit encoding is used for the particular Ull, the character set shall be limited to
characters 20,4 to 7E¢ as defined in Annex F. The UlI shall be encoded using the 7-bit encoding scheme
as defined in E.6.

If the tag architecture supports a method to declare the size of encoding of the UIl memory, there is no

requirement to encode any length indicator on the RFID tag, even if the UIl may be of different lengths.
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If the tag architecture does not support a method to declare the size of encoding of the UIl memory, then
the compacted UII shall be preceded by a single byte indicating the length, in bytes, of the compacted

UIL.

The end of the ending is defined by the 7-bit encoding rules, with as many 1 bit as necessary to complete
the encoding space. For example, if a 16-bit encoding structure is being used and only the first bit of the
final word is part of the encoding, this shall be followed by the bit string "111111111111111,". During
the decode process this will be identified as two complete pad characters followed by a single 1 bit. All
of which are discarded.

13.4 URN Code 40 encoding

This encodin
separators be
it is presented

If the AFI dec
as defined in 4
URN Code 40

13.5 8859-1

If the AFI dec
character, inc

If the tag arch
requirement {
Any additiond
the necessary

k is designed to support the encoding of a hierarchical URN with the appr
ing the hierarchical components. Therefore, when the URN is decoded from the/R
| in a structure that is compatible with that required for resolving on the Infernet.

ares that URN Code 40 encoding is used for the particular UII, the character set s
Annex V, including any required UTF-8 character codes. The UlI shallbeencoded us
encoding defined in Annex V.

| octet encoding

ares that 8-bit encoding is used for the Ull, the character set shall be any ISO/IEC
uding control characters, in the range 00, to FF,.

itecture supports a method to declare the size ¢f encoding of the UIl memory, ther
o encode any length indicator on the RFID tag,even if the UIl may be of different lg
1 bytes required to meet the air interface length (e.g. the length of a word) shall co
number of bytes 004, the first of whichjsprocessed as a terminator.

If the tag archlitecture does not support a method teideclare the size of encoding of the UIl memor

the compacte
UIL

13.6 Applic

If 8-bit encod
compaction t
defined. In th
application af

NOTE The)

94

d UII shall be preceded by a single*byte indicating the length, in bytes, of the com

htion-defined 8-bit coding

ing is used, includihg any variable length 8-bit encodings (e.g. UTF-8) or any ej
hat is different from an ISO/IEC 8859-1 interpretation shall be declared as appli
s case, the chafacter set, encoding scheme and decoded interpretation are defined
d beyond the'scope on this document.

i

output.froim the decoder transfers the byte string and declares this as Application-Defined.

priate
ID tag

hall be
ng the

8859-1

e is no
ngths.
mprise
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ternal
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Annex A
(informative)

Air interface support for application commands

A.1 Overview

As indicated in 8.5, different air interface protocols have different degrees of compfatibility with
individual application commands. Details are set out below for some of the air interface protocols. If an

air interface protocol is not covered, then some of the remainder of this annex, in éombination with the
air interface protocol standard, can still be helpful to implementers developing-salutions.
A.2 1SO/IEC 18000-3 Mode 1 support
Ch are defined
as detailed in
Table A.1 — ISO/IEC 18000-3 Mode 1 support for application commandsp
Code |Application command name Supported |Qualified
support

1 |Configure-AFI YES

2 Configure-DSFID YES

3 Inventory-Tags YES

5 Delete-Object YES

6 Modify-Object YES

8 |Read-Object:Identifiers YES

10 |Read:-Logical-Memory-Map YES

12 |Erase-Memory YES

13 |(Get-App-based-System-Info YES

1731 Write-Objects YES

18 |Read-Objects YES

19 |Write-Objects-Segmented-Memory-Tag NO

20 |Write EPC-UII NO

21 |Inventory-ISO-Ullmemory NO

22 |Inventory-EPC-Ullmemory NO

23 |Write-Password-Segmented-Memory-Tag NO

24 |Read-Words-Segmented-Memory-Tag NO

25 [Kill-Segmented-Memory-Tag NO

26 |Delete-Packed-Object YES

27 |Modify-Packed-Object-Structure YES

28 |Write-Segments-6TypeD-Tag NO

29 |Read-Segments-6TypeD-Tag NO

30 |Write-Monomorphic-UII YES

31 |Configure-Extended-DSFID YES
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Table A.1 (continued)
Code |Application command name Supported |Qualified
support
32 |Configure-Multiple-Records-Header YES
33 |Read-Multiple-Records YES
34 |Delete-Multiple-Record YES

Table A.1 indicates that application commands are either supported, or not supported. Therefore, there
is no requirement to create an additional interface mechanism to support the application commands
that have "NO" in the supported column.

A.3 Type (I' support
A.3.1 Application commands
Table A.2 listd whether an application command can be supported or not and identifie’s those that|can be
supported in § qualified manner. Details of this qualified support, or alternatiyé solutions, are prpvided
in the followipg subclauses.
Table A.2 — Type C support for application commands
Code |Command name Supported |Qualified
support

1 Configure-AFI NO YES

2 Configure-DSFID NO YES

3 Inventory-Tags NO YES

5 Delete-Object YES

6 Modify-Object YES

8 Read-Object-Identifiers YES

10 |Read-Logical-MemorytMap NO YES

12 |Erase-Memory YES

13 |Get-App-based:System-Info NO YES

17 | Write-Objects NO YES

18 |Read-Objects YES

19 |Write:Objects-Segmented-Memory-Tag YES

20 _|(Write EPC-UII YES

21\ |Inventory-ISO-Ullmemory YES

22 |Inventory-EPC-Ullmemory YES

23 | Write-Password-Segmented-Memory-Tag YES

24 |Read-Words-Segmented-Memory-Tag YES

25 [Kill-Segmented-Memory-Tag YES

26 |Delete-Packed-Object YES

27 |Modify-Packed-Object-Structure YES

28 |Write-Segments-6TypeD-Tag NO

29 |Read-Segments-6TypeD-Tag NO

30 |Write-Monomorphic-UII YES

31 |Configure-Extended-DSFID YES

32 |Configure-Multiple-Records-Header YES

33 |Read-Multiple-Records YES
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Table A.2 (continued)

Code |Command name Supported |Qualified

support

34 YES

Delete-Multiple-Record

A.3.2 Configure-AFI

The preferred means of encoding the AFI for this air interface is to use the Write-Objects-Segmented-
Memory-Tag command, which incorporates the AFI as part of the sequence of bytes to be encoded in the
RFID tag. This is because the AFI is a single byte, and the minimum communication across the Type C

air interface is a 16-bit word. Invoking the Configure-AFI command on its own will require the 16-bit
word i memory to be overwritten at some subsequent stage.

A3.3

The pr
Memo
the RH
across
requir

A.3.4

The Ipventory-Tags command is intended to return~a‘unique Singulation-ld to en

comm
code i
comm

If ther
Read-V
set=1

If the 1
EPC-U
return

A.3.5
The R4

Becau
banks
Bank 3

Configure-DSFID

eferred means of encoding the DSFID for this air interface is to use the Wirite-Object
'y-Tag command, which incorporates the DSFID as part of the sequence of bytes to
ID tag. This is because the DSFID is generally a single byte, and"the minimum c(
the Type C air interface is a 16-bit word. Invoking the Configuré<DSFID command g
e the 16-bit word in memory to be overwritten at some subsequent stage.

Inventory-Tags

inications with the RFID tag. For many air intérfdce protocols, this is a perman
h a dedicated part of memory on the RFID tag. Type C uses different method
inication, a dynamically created value.

b is a requirement to read the optional“unique Singulation-Id encoded on a Type (
Vords-Segmented-Memory-Tag command may be used instead, with the Memory-B
0.

equirement is to read a unique-item identifier, then the Inventory-ISO-Ullmemory
Imemory command may.h€ used, depending on the domain of the application. The
the content of the UIl memory, which is required to be unique.

Read-Object-ldentifiers
ad-Object-Identifiers command returns a set of Object-Identifiers encoded on the R

be Type £-does not support an air interface command to read the content of diffg
simultaneously, one way to invoke this application command is to apply it only using
rguiment = 11. If there is an additional requirement to read any Object-Identifier(S)

s-Segmented-
be encoded in
mmunication
n its own will

able ongoing
bntly encoded
b to maintain

tag, then the
hnk argument

or Inventory-
se commands

FID tag.

rent memory
y the Memory-
from Memory

Bank (

1.then the Inventory-ISO-Ullmemory command should be used.

A.3.6

Read-Logical-Memory-Map

The Read-Logical-Memory-Map command was designed to read the encoded bytes from a single flat
file memory on an RFID tag, and not a segmented memory as used with Type C tags. The Read-Words-
Segmented-Memory-Tag command should be used in preference, setting the selected Memory-Bank
argument for which information is required.

A.3.7 Get-App-based-System-Info

The Get-App-based-System-Info command is primarily intended to support tags where there is a
directly equivalent air interface command. The information that is returned is the AFI and DSFID.
An alternative way to obtain this information (possibly with other data) is to use the Inventory-
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[SO-Ullmemory command to return the AFI and DSFID from memory bank = 01. The Read-Words-
Segmented-Memory-Tag command can be used to read the DSFID for memory bank = 11.

NOTE No AFI code value is encoded in memory bank = 11.

A.3.8 Write-Objects

The Write-Objects command may be implemented with Type C if it is restricted to memory bank =
11. The Write-Objects-Segmented-Memory-Tag command should be used in preference because this
contains all the relevant arguments needed to interface with a Type C tag.

If the Object-Lock argument (see 10.2.38) is invoked for any data element, the implementation depends
on the capabi[ity of the individual RFID tag, ranging for selective locking of part of memory bank 11 to
only being able to lock a complete memory bank. The capability to lock data on a Type C tagisidefined
in C.8.5.

The following rules apply to locking memory:

a) If the tag|is in conformance with Type C, locking is only allowed for the complete memory bank.
Thereforg, if the Write-Objects-Segmented-Memory-Tag command contain$ one or more object-lock
arguments that are contradictory (i.e. some TRUE and some FALSE arguments), or if the command
specifies p lock status that differs from the lock status of encoding an'the memory bank, then the
entire cojnmand shall be considered in error.

b) If the tag|is in conformance with a version of Type C then selective locking is an optional fg¢ature,
which is declared by each tag model. There are sub-rules forencoding as follows in MB11:

1) Ifthelfeature is supported, and the encoding is for MB11, then selective locking shall be dpplied
as defermined by the object-lock arguments for éach data element.

2) If the feature is not supported on the RFID tag for MB11, but locking is called for when|only a
single¢ data element is to be encoded, or for‘all data elements in a consistent manner, then the
entirg memory bank shall be locked.

3) If thq feature is not supported on the RFID tag for MB11, and the object-lock arguments are
incorysistent, then the entire conmmmand shall be considered in error.

c) The selective locking feature is not'supported for MBO1, so the following rules apply:

1) Ifasingle data elementisto be encoded in MB01, then the object-lock argument shall be dpplied
to alljof MBO1.

2) If mulltiple data’elements are to be encoded and all have the same object-lock argumenit, then
this ghall be.dpplied to all of MBO1.

3) Ifmulftiple.data elements are to be encoded and these have different object-lock arguments the
entirg sommand shall be considered in error.

A.4 Type D support

A.4.1 Application commands

The support by Type D for the application commands is based on ISO/IEC 18000-64. This air interface
differs from others in in that it uses a modified tag-talks-first protocol. To avoid interference with other
air interface protocols no forward link is specified in that standard. This means that any encoding
of data shall be achieved using custom air interface commands, and in turn there are no application
commands specified in this document for writing data to the tag. Table A.3 lists whether an application
command can be supported or not and identifies those that can be supported in a qualified manner.
Details of this qualified support, or alternative solutions, are provided in the following subclauses.

98 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

Table A.3 — Type D support for application commands

Code |Command name Supported |Qualified
support

1 Configure-AFI NO

2 Configure-DSFID NO

3 Inventory-Tags YES

5 Delete-Object NOa

6  |Modify-Object NO2

8 |Read-Object-Identifiers YES

T0 |Read-Logical-Memory-Map YES

12 |Erase-Memory NOa

13 |Get-App-based-System-Info NO YES

17 |Write-Objects NOa

18 |Read-Objects YES

19 |Write-Objects-Segmented-Memory-Tag NO3

20 |Write EPC-UII NGO

21 |Inventory-ISO-Ullmemory YES

22 |Inventory-EPC-Ullmemory NO

23 |Write-Password-Segmented-Memory-Tag NO

24  |Read-Words-Segmented-Memory-Tag NO

25 |Kill-Segmented-Memory-Tag NO

26 |Delete-Packed-Object NOa

27 |Modify-Packed-Object-Structure NOa

28 |Write-Segments-6TypebiTag NO2

29 |Read-Segments-6TypeD-Tag YES

30 |Write-Monomoxghic-UII NO2

31 |Configure-Extended-DSFID NO2

32 |Configune-Multiple-Records-Header NOa

33 |ReadsMultiple-Records YES

34 |Dglete-Multiple-Record NOa
a  Commands 5, 6,12, 17, 19, 26, 27, 28, 30, 31, 32 and 33 shall be supported by custom
air inteérface commands provided by the vendors of Type D tags. These application
cofpmands may be used as a model for defining data to be encoded on a Type D tag. This
is a realistic approach if the Type D air interface commands for the forward linked are
modelled on the Type C forward link commands.

A.4.2 | Configure-AFI

A customs method of encoding the AFI for this air interface is to base it on the Write-Objects-Segmented-
Memory-Tag command, which incorporates the AFI as part of the sequence of bytes to be encoded in the
RFID tag. This is because the AFI is a single byte, and the minimum communication across the Type D
air interface is a 16-bit word. Invoking the Configure-AFI command on its own will require the 16-bit
word in memory to be overwritten at some subsequent stage.

A.4.3 Configure-DSFID

A customs method of encoding the DSFID for this air interface is to base it on the Write-Objects-
Segmented-Memory-Tag command, which incorporates the DSFID as part of the sequence of bytes to
be encoded in the RFID tag. This is because the DSFID is generally a single byte, and the minimum
communication across the Type D air interface is a 16-bit word. Invoking the Configure-DSFID command
on its own will require the 16-bit word in memory to be overwritten at some subsequent stage.
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A.4.4 Inventory-Tags

The Inventory-Tags command is intended to return a unique Singulation-Id (known as a TID-S and
defined in C.9.1) to enable ongoing communications with the RFID tag or to determine a population of
tags within the reading zone. The Type D unique Singulation-Id is always encoded from the first page of

memory.

Because the Singulation-Id structure is pre-defined and based on the value of the lead byte, it is possible

to carry out an inventory of Type D tags with any mixture of Singulation-Id structures.

A.4.5 Get-App-based-System-Info

The Get-App-based-System-Info command is primarily intended to support tags where thete is a

directly equiyalent air interface command. The information that is returned is the AFI and

DSFID.

An alternativg way to obtain this information (possibly with other data) is to use the Inyentofy-ISO-

Ullmemory c¢mmand to return

the AFI and DSFID from the UIl segment. The Read-Segments-6TypeD-Tag comniand can be ysed to

read the DSFIP for from the item-related segment and the AFI and DSFID from the Ull segment.

NOTE No AFI code value is encoded in the Item-related data segment.

A.4.6 Read;Segments-6TypeD-Tag

The Read-Segments-6TypeD-Tag command is used to subdivide/the” encoding from a Type D i

Into its

segments and further subdivisions. This is possible becausesthe air interface protocol delivgrs the

complete encdding from the tag in a single transaction.

As this commpnd is currently only specific to this tag details are specified in 8.3.7.

100 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

Annex B
(normative)

Pro forma description for the Tag Driver

B.1 General

This ajnnex provides the structure for defining a Tag Driver description for a class(of]
ity with a mode of the ISO/IEC 18000 series. The details in Annex C provide
examplles of the type of definition required.

B.2 Defining the Singulation-1d

The Sipgulation-Id is the device in the Data Protocol to link the RFID’tag to the Logical
identiffies some of the possible methods that can be invoked on the RFID tag, the air intg
using finique encoded data to achieve this.

The Tqg Driver shall define the technique that the RFID tag uses to create the Singulation

B.3 S$ystem information — AFI

The AFI (see 9.3.5) is a prime selection mechanisni’for specifying a relevant subset of H
could be in the operating area of the interrogatof’Its coded value is one byte long and its
definefl by the application.

The T4g Driver shall define whether the'RFID tags supports the AFI feature, not just as 3
encoding the value, but also for it to helused as a selection tool. The Tag Driver shall also sp|
the cogle value, once encoded, can be locked and if this locking facility is mandatory or op

B.4

The DS
tag's 1
applic
the ap
during

ystem information — DSFID

bFID (see 9.3.6)incorporates the Access-Method to define the structure of the byts
ogical Memary~Map and incorporates the Data-Format to define particular se
ition data At\s a key to the Data Processor on how to organise selective transactid

decodihg. The DSFID is one byte long and its value shall be defined by the applicat

The Tqg.Driver shall define how the RFID tags support the DSFID feature, not just as a

RFID tags in
more specific

Memory. 9.3.2
rface, or even

et

d.

[FID tags that
value shall be

provision for
ecify whether
fional.

s on the RFID
s of encoded
ns defined by

plication’ commands and how to condense the Object-Identifiers during encoding anld to expand it

on.

provision for

encoding the value, but also for it to be used as an organisational tool, particularly for how the different
Access-Methods are supported. The Tag Driver shall also specify whether the code value, once encoded,
can be locked and if this locking facility is mandatory or optional.

An extension mechanism for the Data-Format is defined in 9.3.7 and a separate extension mechanism
for the Access-Method and other tag functions is defined in 9.3.8. If these extension mechanisms are
supported, they shall be encoded as defined for the individual Tag Drivers in Annex C.

B.5 Memory-related parameters

B.5.1 Blockssize

The Tag Driver shall specify the size of a block in terms of number of bytes and the means of transferring
this information to the Data Processor.
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B.5.2 Locking feature

The Tag Driver shall specify whether any, all, or some of the blocks can be selectively locked to render it
impossible (or at least extremely difficult) to change the encoded bytes in a block.

B.5.3 Number of blocks

The Tag Driver shall specify the number of blocks on the RFID tag and the means of transferring this
information to the Data Processor.

B.5.4 Memory mapping

The Tag Drivqr shall specify:

a) Whether [the memory is structured as a single "flat" file or is organised in multiple;separately
addressable, partitioned zones (or memory banks).

b) The locatjon within the memory (as defined in the ISO/IEC 18000 series) where(the Logical Memory
Map begihs. This requires additional rules for addressing partitioned zones,

c) The byte|sequence in the block - the Data Protocol presumes Most Significant byte in the first
position, o a different order can require a conversion process.

d) The bit sg¢quence in the byte - the Data Protocol presumes most Significant bit in the first pgsition,
so a diffefent ordering requires a conversion process.

e) Any othef structuring rules within the ISO/IEC 18000 sefjes, definition of user memory (e.g. error
correctioh bits or bytes) that impact on the structure of.the Logical Memory Map.

NOTE If erfror correction consumes bit or byte capacity gutside the block size defined for user data, then this
can be ignored|for the purposes of the Data Processor.

B.6 Suppdrt for commands

The way the ppplication commands are presented in ISO/IEC 15961-1 is likely to be at a highdr level
than the coddd commands communicatéd across the air interface. Each application command shall be
supported in pne of the following ways?

a) Fully support (i.e. action) thefunctionality across the air interface.

b) Fully support the fun¢tionality of some of the command arguments and responses but freturn
appropridte error ¢odes for those arguments not supported. For example, there is a possibility
that a command argument of Object-Lock will not be supported by the RFID tag command calls;
therefore] the.appropriate Completion-Codes shall be used.

c) Be unablg to*Support the functionality of a complete application command, for example to modify
or delete an Object-Identifier and Object on an RFID tag that is One Time Programmable (or that
uses Write Once Read Many technology).

The Tag Driver shall identify in broad terms how the two levels of command (application command
and RFID tag command) are linked. Precise coding rules are not required and are to be resolved at the
implementation level.

NOTE Annex A provides an overview of the relevance of an application command to particular air interface
protocols, but does not address the detail of air interface commands that are optional either in the RFID tag or
the interrogator.
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Annex C
(normative)

ISO/IEC 18000 Series Tag Driver Descriptions

C.1 Tag Driver for ISO/IEC 18000-2: Parameters for air interface communications
below335+Hz

C.1.1 | Defining the Singulation-Id

Tags dre identified by a 64-bit Unique Identifier (UID). The UID is used dufing arbitijation and for
addregsing each tag individually.

ISO/IEC 18000-2 supports commands that can ignore the UID, such that all tags in the regdy state shall
executle the command.

C.1.2 | System information — AFI

The AFI represents the type of air interface application targeted by the Interrogator gnd is used to
extracf only those tags meeting the required selection efiterion from all the tags presentf The AFI may
be programmed and locked by the respective commarids. The AFI is coded on one byte.

The support of AFI by the tag is optional. If the AFIis‘not supported by the RFID tag and ifthe AFI flag is
set in 3 command, the tag shall not respond whatever the AFI value is in the request.

If the AFI mechanism is supported by the tag, it shall respond when the AFI on the tag matches the AFI
in the request; or if the command specifies AFI 004, irrespective of the AFI value on the tag. The tag
shall also respond if the AFI flag is notset in the command.

C.1.3 | System information <<-DSFID

The D$FID is supported inlJSO/IEC 18000-2 through the DSFID mechanism. The DSFID if on one byte.
DSFID|is returned duringthe Inventory process. The DSFID can be programmed and locKed by specific
commands. If the tag daes not support DSFID programming, the tag shall return DSFID =['00".

C.1.4 | Memory:related parameters

The physicaktag memory is divided into two logical sections. The first Logical Memory se¢tion contains
the systeni-data. The second Logical Memory section contains the user data and is refefred to as the
application memory.

The user data or application memory is organised in blocks of a fixed number of bytes. Up to 64 blocks
can be addressed, starting from block 0. Block sizes can be 4, 8, 12 or 16 bytes. Each block may be
locked independently of the others, using a bitwise one time programmable 64-bit field in the system
data. Information on the number of blocks and the size of the blocks is returned by the Get System
Information command.

C.1.5 Support for commands

Not all commands are mandatory. If a tag does not support a command, the tag shall answer with an
error code as specified in ISO/IEC 18000-2. This allows the application and/or the interrogator to know
that they cannot use the requested feature on this tag.
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C.2 Tag Driver for Mode 1 of ISO/IEC 18000-3 — Parameters for air interface
communications at 13,56 MHz

C.2.1 Defining the Singulation-Id

Each tag is identified uniquely by a Singulation-Id (also known as UID) on 64 bits. Each tag returns
its Singulation-Id during the inventory process. The Singulation-Id can be further used to selectively

address a tag.

The Singulation-Id format is specified in ISO/IEC 18000-3 Mode 1.

C.2.2 System information — AFI

The AFI is s Ppot ted—ir 1..JU/IIEC 18660-3Mode—+—tht Uusu theAH 1ucuha1uoul, which—ts—a—separate

register in the tag memory. The AFI can be programmed and locked by specific commands. The

Inventory prdcess then uses it. The AFI is on 8 bits.

If the tag doeg not support AFI programming (see C.2.5), the RFID tag shall participatetothe Inventory

process as if|it had received AFI = "00", meaning that the tag will always respond to an Inventory

command, whatever the AFI value.

C.2.3 System information — DSFID

C.2.3.1 Medhanisms

The DSFID i§ an 8-bit code and is supported in ISO/IEC 18000-3 Mode 1 through one off these

mechanisms:

a) the DSFII air interface mechanism, which is a separate-register in the tag memory (see C.2.3.2); or

b) the DSFID encoding rule, which requires the DSFID to be encoded and read using genefral air
interface write and read commands (see C.2.3.3).

C.2.3.2 The|/DSFID air interface mechanism

The DSFID is[supported in some ISO/IEC\18000-3 Mode 1 RFID tags through the DSFID air inferface

mechanism, Which is a separate registerin the tag memory supported by specific commands.|DSFID

is returned during the Inventory process. The DSFID can be programmed and locked by specific

commands.

If the tag dog¢s not support(DSFID programming (see C.2.3.3), the tag shall return DSFID = '|00" in

response to the air interface.Inventory command.

C.2.3.3 DSHID encoding rule

If the DSFID gir interface mechanism is not available then the DSFID shall be encoded as part of the

encoded byte-strean : : BSHB—eannot be

returned during the air interface inventory process and cannot be programmed and locked by specific
air interface commands. The only way the DSFID can be locked is by locking the first block, but this has
implications for locking of encoded data.

The manufacturer and models of tags supported by this mechanism are defined in the Standing
Document, mentioned above.

C.2.3.4 Extensions mechanisms for the Data-Format, Access-Method and other tag functions

If the RFID tag supports the DSFID air interface mechanism, then all of the required extension bytes
defined in 9.3.7 to 9.3.18 shall be encoded starting from the first byte of user memory and precede any
encoded packets of data.
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If the RFID tag supports the DSFID encoding rule, then all of the required extension bytes defined in
9.3.7 t0 9.3.18 shall be encoded starting from the second byte of user memory and precede any encoded
packets of data.

C24

Memory-related parameters

The System Information is stored in a memory area that is logically distinct from the user memory and
that can be accessed only by specific commands. Information on the number of blocks and the size of
the blocks can be returned by the air interface Get System Information command.

The user memory is organised in blocks, starting at block 0. The Logical Memory mapping shall start at
block 0. Bits and bytes ordering shall be the same.

ISO/IE
detern

C.2.5

Only t
other
does n
Mode
featur

ISO/IE
that a
ISO/IE

C 18000-3 Mode 1 supports the selective locking of blocks. The hardware impl
hined by the manufacturer of the chip.

Support for commands

vo air interface commands are mandatory, the Inventory command and the Quiet
fommands are optional. Some tag products may therefore not/have implemented
ot support a command, the tag shall answer with an error code“as specified in 1SQ
|. This allows the application and/or the interrogator to knew'that they cannot use
e on this tag.

C 18000-3 Rev 1 now includes a new class oflair interface command stat
command is "required for item management’ The details of this status ar

Table C.1 — Required:commands and their codes

C 18000-3:2010, Annex G. Table C.1 provides a.sttimmary of the required commands.

bmentation is

command. All
them. If a tag
/1IEC 18000-3
the requested

s, indicating
e included in

Command ISO/IEC Function Item management requirgment
cade 18000-3
Mode 1 Ba-
sicType
01" Mandatory |Inventory The AFl is a requirement in the command, and the
DSFID is required as part of the resppnse
02" Mandatory.. |Stay quiet No change
20" Optional_/ |Read single block The interrogator shall support this fommand. The
RFID tag shall support this commajnd if the Read
multiple blocks command is not suppprted
21" Optional |Write single block The interrogator shall support this fommand. The
RFID tag shall support this command if the Write
multiple blocks command is not suppprted
22" Optional |Lock block Required for the interrogator and foy the RFID tag.
"23" Optional |Read multiple blocks The interrogator shall support this command. The
RFID tag shall support this command if the Read
single block command is not supported
"24" Optional |Write multiple blocks The interrogator shall support this command. The
RFID tag shall support this command if the Write
single block command is not supported
"25" Optional |Select This command shall be supported in interrogators
and should be supported in tags
"26" Optional |Reset to ready This command shall be supported in interrogators
and should be supported in tags
"27" Optional |Write Afi Required for the interrogator and for the RFID tag.
"28" Optional |Lock Afi Required for the interrogator and for the RFID tag.
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Table C.1 (continued)

Command ISO/IEC Function Item management requirement
code 18000-3
Mode 1 Ba-
sicType

"29" Optional |Write DSFID Required for the interrogator and for the RFID tag.

"2A" Optional |Lock DSFID Required for the interrogator and for the RFID tag.

"2B" Optional |Get system information Required for the interrogator and for the RFID tag.

"2c" Optional |Get multiple block security|Required for the interrogator and for the RFID tag.

status

C.2.6 Perfqrmance optimisation
If the applicatfion and/or the interrogator plan to have a continuous sequence of commahds with & given
tag, they can pise the Select command. The Select command is addressed to a specifiotag and defelects
all other tagg. It contains the Singulation-Id of the tag to be selected. All furthier commandp shall
have their Select flag set, but do not contain the Singulation-Id, therefore saving transmission time.
Individual cojnmands with other Singulation-Ids can be sent to specific tags«uring the sequente. See
ISO/IEC 1800p-3 Mode 1 for details.
C.3 Tag Driver for Mode 2 of ISO/IEC 18000-3 — Parameters for air interface
communications at 13,56 MHz
C.3.1 Defirling the Singulation-Id
Each tag is iflentified uniquely by a Specific Identifiet (SID). Each tag returns its SID duripg the
Application Group Identifier command. Subsequent commands may include the SID to address a specific
tag.
C.3.2 System information: AFI
The AFI is syipported in ISO/IEC 18000-3 Mode 2 through the Application Group Identifier (GID)
command. Tags will respond to valid eemmands if the GID in the command is equal to the GID st¢red in
the tag memoyy. The tags will alsoxespond if the GID in the command is set to FFFF .
C.3.3 System information)— DSFID
The protocol flescribes Hardcode fields that provide a function like system information and inclyde the

DSFID. If req

ested by reader command the Hardcode fields are included in Tag replies. The pj

describes the|Hardcede in virtual terms only. Thus, the Hardcode may be realised by mask or m
If mask is chgset;, the Hardcode is set at the chip design. If memory is chosen, the Hardcode is ¢

+

otocol
EMory.
ritten

using a specidbwite

C.3.4 Mem

A--ARAIELL
COTIICTITOT y~

ory-related parameters

The RFID tag memory is organised and addressed as 16-bit words. ISO/IEC 18000-3 Mode 2 supports
tag types with varying block sizes, where a block is one or more 16-bit words. The total memory
capacity is defined in words, so the number of blocks can be derived from this.

The user memory is addressed from Word 0 upwards. Read commands address the memory on word
boundaries. Write commands address the memory on block boundaries. The protocol allows commands
to address user memory using 8-bit address and 8-bit length or 16-bit address and 16-bit length.

The user memory may be locked by using a locked pointer. All memory addresses less than the value
stored in the lock pointer are locked addresses. The lock pointer value can only be incremented. The
lock pointer is updated using a special write command.
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C.3.5 Support for commands

The RFID tag will respond to valid commands. No response is sent for an invalid command. Invalid
commands include commands with invalid command types, invalid identifiers, invalid address ranges,
attempts to write to locked memory or invalid CRCs.

Tags respond to valid read commands by providing the requested data. Tags respond to valid write
commands by writing the data included in the command to the tag memory and then responding to the
write command. The write response can include read data if requested by the write command (read/
write command).

C.4 TagDriver for1SO/TEC18000-4— Parameters for air imterface

comrhunications at 2,45 GHz — Mode 1

C.4.1 | Defining the Singulation-Id

Eacht
The U]

hg is identified uniquely by a UID of 64 bits. Each tag returns its UID duting the inve
D can be further used to address selectively a tag for subsequent transactions.

htory process.

C.4.2 | System information — AFI

The A

of tag
Embed
repres|
memo
is set {
terme
memo

If the 1
had re

F[ is supported in ISO/IEC 18000-4 Mode 1 through the\AFI mechanism. bytes 1
system information are reserved for tag memory system information. byte 12 r
ded Application Code (EAC) field. This informatiex field defines the data architg
ented in application memory (bytes 17 and above). The remaining five (5) byt
'y architecture and usage within the data architecture system defined in byte 1
o the value 0A,4 the tag data architecture*is’in conformity with this document.
I Application Family Identifier (AFI) is represented in the next byte (byte 13) of thg
"y system information.

ag does not support AFI programmiing, the tag shall participate to the Inventory [
ceived AF1 ="00", meaning thatthe tag will always respond to an Inventory comm

2 through 17
epresents the
cture system
es define the
P. If this byte
[he data field
e reserved tag

rocess as if it
ind, whatever

the AHI value.

C.4.3 | System information =— DSFID

The DSFID is supported iti}SO/IEC 18000-4 Mode 1 through the DSFID mechanism. The D$FID indicates
how the application data’ is structured in the tag application memory. As defined in C|4.2, bytes 12
through 17 are reserved in tag system memory for representation of tag memory system information.
byte 1R with the-value 0A;, defines a tag in conformity with this document. Byte 14 is (designated to
store the DSFID information. As this information can be stored in tag system memory, read (READ) and
write (WRITE) commands may be used to program and retrieve this information.

If the fag'does not support DSFID programming, the tag shall return DSFID ="00".

C.4.4 Memory-related parameters

The first 18 bytes (bytes 0 through 17) are reserved for system information. The Identification process
provides information about the tag from reserved memory locations. Upon tag segregation (the anti-
collision process), the tag state is moved from the "Identify" state to the "Data Exchange" state with the
retrieval of such relevant tag system information.

Bytes 12, 13, and 14 are as defined above. Bytes 10 and 11 are reserved for "Hardware Tag Type". This
two-byte field provides information about the hardware (physical) tag, which includes the total number
of blocks and block size (bytes per block).

The application memory (user data storage) begins in byte 18 (or the first addressable block after
system data). This is treated as the first byte of block 0 of the Logical Memory map for user memory.
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bits and bytes ordering shall be the same, i.e. the msb and MSB shall match in both the Logical Memory
and in the tag memory.

As noted in the response to question three above, unique, and unambiguous addressing of all data
transactions is provided through the Tag UID (bytes O through 7 of system memory). All data
transactions are uniquely addressed with this mechanism. The submission provides ISO/IEC 18000-4
Mode 1 supports writing and locking of data with two commands: (WRITE) and (LOCK). These
commands operate at the block level. The locking mechanism is physical (fusible link) and protects data
from any change permanently. Once the data block is "locked" it cannot be "unlocked". All data that is
locked cannot be changed through the air interface.

C.4.5 Support for commands

nd, the
cation

Not all ISO/IHC 18000-4 Mode 1 commands are mandatory. If a tag does not support a comma
tag shall answer with an error code as specified in ISO/IEC 18000-4 Mode 1. This allows the appl
and/or the inferrogator to know that they cannot use the requested feature on this tag:
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C.5.4 Syste

ISO/IEC 1800[0-4 Mode{2-does not support the functionality of DSFID. This has the effect of re

support for th

Access-M

0-4 Mode 2 does not support ‘the functionality of AFI. As the Mode does not s

ing, the tag shall participate in any application command that specifies AFI as if
=" 00", meaning that the/tag will always respond to an AFI argument in an appl
atever the AFI value;

m information; DSFID

is document to:

ethod = No-Directory;

upports different user interfaces and the followihg subclauses are based ¢n the

tag for

ipport
it had
cation

ducing

Data-Format = Full-Feature.

C.5.5 Memory-related parameters

The tag ID provides supplementary information about the size of the user memory. Blocks are always
one byte in length, irrespective of the size of memory. Read or write functions address memory by
using a 2-byte position that identifies the beginning of the required data string, and a single byte value
to determine its length. The maximum length of the data string is 246 bytes.

C.5.6 Support for commands

ISO/IEC 18000-4 Mode 2 supports several commands including read and write. The response to the
command includes specific error codes where the command cannot be executed.
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C.6 Tag Driver for Type A — Parameters for air Interface Communications at
860 MHz to 960 MHz

C.6.1 Defining the Singulation-Id

Type A is a tag based on ISO/IEC 18000-61. Each tag is identified uniquely by a UID of 64 bits or an SUID
of 40 bits. Each tag returns its UID (or SUID) during the inventory process. The UID/SUID can be further
used to address selectively a tag for subsequent transactions.

C.6.2 System information — AFI

Th A'I"" tad T A i £ la—ila AL L. 3
e rrio DHPPUI LCU 111 ly lJC Y Laso LIl uusu LU AT ITICCIIAdIIIOS I,

The AFI can be programmed and locked by specific commands. The Inventory processthen uses these
commands to retrieve the AFI data. The AFI is on 8 bits.

If the tag does not support AFI programming (see C.6.5), the tag shall participate to the Inventory
procegs as if it had received AFI = "00", meaning that the tag will always’respond to|an Inventory
command, whatever the AFI value.

C.6.3 | System information — DSFID
The DSFID is supported in Type A tags through the DSFID mechanism.

The DFFID is returned during the Inventory process. The/ DSFID can be programmed and locked by
specific commands. The DSFID is defined on 8 bits.

If the tag does not support DSFID programming (se€\C.6.5), the tag shall return DSFID = "D0".

C.6.4 | Memory-related parameters

The Syjstem Information is stored in a memory area that is logically distinct from the usef memory and
that cdn be accessed only by specific commands. Information on the number of blocks and the size of
the blqcks is returned by the Get System Information command.

The Lggical Memory mappingfor user memory shall start at block 0. Bits and bytes ordering shall be
the same.

C.6.5 | Support for commands

Type p provides for both mandatory and optional commands. Mandatory command$ provide the
minimum fungtionality for activation and identification (e.g. inventory) of conformant tags in a
populdtion. All*ether commands (reading and writing) are optional. Some tag products ']:A\,ay therefore

not haje implemented them. If a tag does not support a command, the tag shall answer with an error
code gds.specified in Type A. This allows the application and/or the interrogator to know that they
cannotUSe the requested feature on this tag.

C.6.6 Performance optimisation

If the application and/or the interrogator requires a continuous dialogue with a specific tag, Type A
provides a mechanism for "selection” through the command set. The Select command is addressed
to a specific tag and deselects all other tags. It contains the UID of the tag to be selected. All further
commands shall have their Select flag set, but do not contain the tag UID, therefore saving transmission
time. Individual commands with other UIDs can be sent to specific tags during the sequence.
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C.7 Tag Driver for Type B — Parameters for air Interface Communications at
860 MHz to 960 MHz

C.7.1 Defining the Singulation-Id

Type B is a tag based on ISO/IEC 18000-62. Each tag is identified uniquely by a UID of 64 bits. Each tag
returns its UID during the inventory process. The UID can be further used to address selectively a tag
for subsequent transactions.
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through 17 are reserved in tag system memory for representation of tag memory
pyte 12 with the value 0A,4 defines a tag in conformity with this document. Byt
store the DSFID information, As this information can be stored in tag system m

. Byte
e data
ve (5)
n byte
iment.
13) of

entory
mand,

ned in
ystem
e 14 is
EIMOory,

ind write (WRITE) commands ay be used to program and retrieve this information.
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ytes (bytes O¢hrough 17) are reserved for system information. The Identification p

bss), the(tag state is moved from the "Identify"” state to the "Data Exchange" state wj
ch relevant tag system information.

rocess

‘mation about the tag from reserved memory locations. Upon tag segregation (the anti-

ith the

hnd 14 are as defined above. Bytes 10 and 11 are reserved for "Hardware Tag Typ¢

". This

two-byte field provides information about the hardware [physical] tag, which includes the total number
of blocks and block size (bytes per block).

The application memory (user data storage) begins in byte 18 (or the first addressable block after
system data). This is treated as the first byte of block 0 of the Logical Memory map for user memory.
Bits and bytes ordering shall be the same.

C.7.5 Support for commands

Type B provides for both mandatory and optional commands. Mandatory commands provide the
minimum functionality for activation and identification (e.g. inventory) of conformant tags in a
population. All other commands (reading and writing) are optional. Some tag products may therefore
not have implemented them. If a tag does not support a command, the tag shall answer with an error
code as specified in Type B. This allows the application and/or the interrogator to know that they
cannot use the requested feature on this tag.
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C.7.6 Performance optimisation

If the application and/or the interrogator requires a continuous dialogue with a specific tag, Type B
provides a mechanism for "selection" through the command set. The group selection commands
(GROUP_SELECT_XX) provide an efficient means to logically query the contents of either system

memory (e.g. UID, AFI, DSFID) or user memory as a means to for selecting a subset of

tags for data

transactions. Only the tags logically queried as TRUE based on the contents of the selected memory
(system and/or user) would thus be activated and participate in subsequent data transactions.

C.8 Tag Driver for Type C — Parameters for air Interface Communications at

860 MHz to 960 MHz

C.8.1 | Defining the Singulation-Id

Type ( is a tag based on ISO/IEC 18000-63. Each RFID tag is defined uniquely, by a d
code, the RN-16. The value of the RN-16 is returned during selection processés and is usq
commtnications with the RFID tag while in the operating field. In addition, access to Me
returns a Unique Item Identifier, which does provide a unique identifien@at the application|

C.8.2 | System information — AFI

The AFI is supported in Type C as an optional element in the ptotocol control word in Mef
The AF¥I is encoded in bits 18, to 1F;,. To identify that the encoding of the tag is in conf]
AFI and DSFID rules, bit 17,4 shall have the value = 1, to"distinguish this from encoding
with the TDS EPC scheme.

The AKT only requires to be encoded in Memory Bank'01 to fulfil its function with the RFI]
procegs.

C.8.3 | System information — DSFID

C.8.3.1 General

The D$FID is supported in Type€tag in the manner described in the following subclaus
be implemented independently:

C.8.3.2 DSFID in Memory Bank 01

A DSFID is used inMémory Bank 01 when this is called for by an AFI. In this case, Memory
encod¢ the DSEIR Tn position 20,4 to 27,4. The encoding that follows shall be in confory
docunient for*encoding a UIl based on an Object-Identifier structure.

When the’AFI declares a Monomorphic-UIl, the DSFID shall not be encoded in Memory Ba

namic 16-bit
d to maintain
mory Bank 01
level.

hory Bank 01.
brmance with
in conformity

tag selection

es, which may

Bank 01 shall
hity with this

hk 01.

C.8.3.3 DSFID in Memory Bank 11

If Memory Bank 11 is present on the Type C tag and encodes data based on Object-Identifier structures,
then the DSFID shall be encoded in the first byte position of this memory bank (i.e. bits 00,4 to 074¢).

C.8.3.4 Extensions mechanisms for the Data-Format, Access-Method and other tag functions

If any of the extension mechanisms defined in 9.3.7 to 9.3.18 are required, then all of the extension
bytes shall be encoded starting immediately after the encoded DSFID. All the extension bytes shall

precede any encoded packets of data.
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C.8.4 Memory-related parameters

The memory of a Type C tag is organised into four logical sectors known as Memory Bank 002, 012, 102,
112. All read and write processes are based on transactions in multiples of 16-bit words.

Memory Bank 00, contains passwords that are used to provide permission to access other memory, and
to carry out the kill function.

Memory Bank 01, contains the Unique Item Identifier, either this is a GS1 specified number or an ISO
specified number. Processes on the RFID tag calculate the length of the encoding. This length (in words)

encoded in bits 00,4 to 04,4, which is part of the Protocol Control word.

Memory Bank
by TDS, or a
whether a tag

Memory Banl
and the encod
this memory
manufacturer
10,.

C.8.5 Mem

If the tag is in

other than MB11. Selective locking of MB11 is an optional featuféy which is declared by each tag

NOTE The)
RFID supportg
vendor specifig
manufacturers

C.8.6 Supp

Type C suppot
are optional. ]
be executed.

C.9 Tag D1
860 MHz tq

C.9.1 Defin

Type Disat

jort for commands

O-contains-tagidentificationdetatls;which-may be-basedonacodestraeture s
Unique Tag ID in conformity with ISO/IEC 15693. There is no simple way to dets
uses one of the code structures or the other without reading this Memory Bank!

£ 11, contains the encoding of application data beyond the basic Uniqug Item Id¢g
ing capacity of Memory Bank 01,. There are no air interface rules to détérmine the
i.e. the equivalent of the number of words or blocks), without an udderstanding of
's specification or looking up information based on the encoded(values in Memor

pry locking

conformance with Type C, locking is only allowed for the complete memory bank f
re are no currently defined rules in the air interface protocol to identify whether a pat
selective locking to the rules defined abovexUntil such rules are defined this remai

solution for the RFID tag to declare its capability and a vendor specific solution for inter
to implement.

ts several commands includingread and write. Some commands and associated fur
[he response to any commadnd includes specific error codes where the command co

960 MHz

ing the Singulation-Id
g based on ISO/IEC 18000-64. Each tag is identified uniquely by a Singulation-I

known as TID

-S3¥which can have one of three lengths. The Singulation-Id format is specified in ]

river for Type'D'— Parameters for air Interface Communications at

ranaged

brmine

ntifier
size of
the IC
/ Bank

br MBs
model.

ticular

s as a
fogator

ctions
11d not

1 (also

'ype D.

The TID-S is in conformity with ISO/IEC 15963-1 and can therefore begin with one of the following byte
values and having a pre-defined length:

— EO044, with a total length of 64 bits;

— E24¢, with a total length of up to 192 bits;

— E344, with a total length of 96 bits.

Each structure has an internal rule that enables the total length of the TID-S to be self-declaring. Each
scheme also supports an IC manufacture plus model number that makes it possible to identify the
functions supported by a particular tag.

Each tag returns its Singulation-Id during the tag communication process and is at the beginning of the

transmitted message.
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C.9.2 System information — AFI

Bit positions 63 to 48 of the first data page shall encode the Protocol Control word. The AFlis an element
in the Protocol Control word in the UIl segment of memory. The AFI is encoded in bits 55;, to 48;,. To
identify that the encoding of the tag is in conformance with AFI and DSFID rules, bit 56, shall have the
value = 1, to distinguish this.

The AFI only requires to be encoded in the UIl segment of memory to fulfil its function with the RFID
tag selection process.

C.9.3 System information — DSFID

C.9.3.1 Support

The DSFID is supported in a Type D tag in the manner described in the following sub¢lausks, which may
be implemented independently.

C.9.3.2 DSFID in UIl memory segment

C.9.3.2.1 DSFID when the AFI declares a Monomorphic-UII

When the AFI declares a Monomorphic-Ull, the DSFID shall notbheencoded in the UIl menjory segment.

C.9.3.2.2 DSFID for other AFI types

If the YII segment is in conformity with encoding rules defined in this document, then in gddition to the
AF]I, tHe UII segment shall encode a single byte DSEID in position 47, to 40, of the Ull[segment, or a
multiple byte DSFID starting at position 47,,. Theencoding that follows shall be in conformity with this
docunient for encoding a UIl based on an Object-Identifier structure.

C.9.3.3 DSFID in the item-related data-segment

If the [item-related data segment.is present on the Type D tag and encodes data baspd on Object-
Identifier structures, then the DSEID shall be encoded in the second byte position of this fnemory bank.
This ppsition varies depending on the end point of the UIl segment.

The prieceding byte is thetlength-lock byte that in the leading five bits encodes the encodedl length of the
Item-rglated segment(in-words) from the beginning of the length-lock byte to the end of the CRC. The
trailing three bits provide an indication of the pages that are locked.

C.9.3.4 Extehsion mechanisms for the Data-Format, Access-Method and other tag fiinctions

If any [ofthe’ extension mechanisms defined in 9.3.7 to 9.3.18 are required, then all of the extension
bytes ghall be encoded starting immediately after the encoded DSFID. All the extensign bytes shall
precede any encoded packets of data.

C.9.4 Memory-related parameters

When used in conformity with this document, the memory of a Type D tag is organised into four logical
sectors known as:

— The TID segment;
— the Ul segment, which begins on the first data page of the Type D tag;
— the item-related data segment (optional);

— the simple sensor encoding segment (optional), always 64 bits if present.
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All read and write processes are based on transactions in multiples of 16-bit words, organised in 64-bit

pages.

C.9.5 Mem

ory locking

C.9.5.1 General

Memory locking is applied in a consistent manner for any one Type D tag, with locking over 16-bits, 32-

bits, or 64-bit

NOTE
RFID support

s as specified by the tag manufacturer.

selective locking to the rules defined above. Until such rules are defined this remai

There are no currently defined rules in the air interface protocol to identify whether a particular

1S as a

vendor specifig
manufacturers

C.9.5.2 Enc

The UII segm

page boundat

solution for the RFID tag to declare its capability and a vendor specific solution for inter
to implement.

bding and locking the UIl segment

ent begins immediately after the locked TID-S segment, and therefore’begins on a
Y.

The UIIl segment may end on any 16-bit word unless there is an application requirement for i

locked. If the

bytes (value (]

C.9.5.3 Enc

The optional
segment begi

U1l segment requires locking and the UIIl does not end onraleck boundary, then p4
04¢) are included until the end of the lock boundary.

pding and locking the item-related data segment

tem-related data segment is encoded if the Protocol Control word bit 5810 is set =
hs immediately after the end of the UII seginent, and therefore begins on a 16-bi

boundary, whiich does not have to be on a page boundary:

The first bytd
which provid
on whether p

The second b
segment, whi

The item-relq|
segment, usir
locked. Any d

C.9.6 Supp

(bit positions n to "n-7" of the itemrelated data segment) is the length-lock ing
bs precise information about the number of words in the segment and basic infor}
hges in the segment are locked.

yte (bit positions "n-8" to {n-15" of the item-related data segment) is the DSFID f]
*h may be different from the DSFID of the UIl segment.

fed data is encoded-from bit "n-16" of the item-related data segment until the end
g the rules of this)document. Datasets within the encoded sequence may be sele
htaset, or contiguous datasets that are to be locked, shall be on lock boundaries.

jort for commands

Type D comnpunicates its data payload without the need for air interface commands. As cul

specified, the
manner acro

‘e.are no encoding commands defined. Therefore, encoding is achieved in a vendor s

fogator

64-bit

[ to be
d lock

1. This
 word

icator,
nation

pr this

of the
ctively

rently
pecific

S tne alr mterrace, but whicin need to support the encoding 4as derfined by thne run

write commands as described in A.4.
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Annex D
(normative)

Encoding rules for No-Directory Access-Method

D.1 General

This a
Direct
subcla
encodi
Relatiy
encodi

D.2 {

D.2.1

Datac
transf
shall b
applic
and Cd

The in

ng the length of the compacted Object, processing the Object-Identifier; formatti
re-0OID wherever possible, encoding the length of the Object-IdentifiefJor the Rel3
ng the Precursor and Offset byte (if required).

Dbject processing

Use

bmpaction is applied as a transformation to the data‘Objects to reduce the number
brred across the air interface and that are required to encode data in memory. Th
e done according to the Compact-Parameter (defined in 10.2.9) received in the IS(
ition commands. Only Compact-Parametersid; 1, 2 apply to the encoding of this A
mpact- Parameters 0, 2, and 15 apply to the decoding.

ferpretation of the source data Objegts (e.g. conforming to character sets) can be i

interrggator and while encoded on the RFID tag. This is because the decode process is the

encodg

is read.

Data c
Comp4g

b process, and the compacted data Objects are restructured to their original formg

ction Type, which is encoded on the RFID tag as part of the Precursor. The Ob

remains unchanged and.is-hot subject to any form of compaction, to enable it to be direct]

by the
and is

D.2.2

The c
compa

application and the Logical Memory. The command argument Object-Lock remai
passed through to the next stage of processing: data formatting.

Compagction process

hnex, and associated referenced annexes, specifies the encoding rules for the Accegs-Method No-
bry, which is the basic encoding scheme for this document. The process described.in the following
pises builds up the structure of a dataset in a logical process starting with: cdmpacting the Object,

g this into a
tive-OID, and

f bits that are
e compaction
/IEC 15961-1
rcess-Method,

bnored by the
inverse of the
when the tag

bmpaction performs all'the processes necessary to compact a data Object and to ¢letermine the

ject-Identifier
|y identifiable
hs unchanged

bmmand argument Compact-Parameter determines whether the Object is s
ction process or not, based on the following integer values:

Tbject to the

0

Application-Defined: The data object is read by and passed through the data compaction process

without any compaction being applied but is assigned the Compaction Type Code 000,.

Compact: The data object is read by and passed through the data compaction process to be

compacted as efficiently as possible and assigned the appropriate Compaction Type Code in the
range 001, to 110,.

UTF8-Data: The data object is read by and passed through the data compaction process without

any compaction being applied, but is assigned the Compaction Type Code 111, to indicate that it is

in

conformity with the UTF-8 transformation of ISO/IEC 10646.
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The Object is read by and passed through the data compaction process:

1. The data Object itself is transformed to its compacted form. If the command argument Compact-
Parameter:

is set to 1 (Compact) the data Object input string is compacted (see D.2.3 and Annex E for the
detailed processes).

is set to 0 (Application-Defined), or to 2 (UTF8-Data) the input string is not compacted but the data

Object is still processed through step 2 and step 3.

2. The 3-bit Compaction Type Code is assigned (see D.2.4).

3. Theleng

of the compacted data Object is defined.

D.2.3 Compaction schemes

Data compac
the Compact-
parsing the b
the Compacti
compaction ry

Table D.1 — Determining the data compaction scheme

fion shall be applied to each entire data Object. When compactiofiyis reques
Parameter, the selection of the particular data compaction scheme’is determiped by
ytes in the data Object and analysing their values as defined in/Table D.1, which
pn Schemes in sequence of preferred application, starting with,the most efficiept. The
iles for all the compaction Schemes are defined in Annex E.

fed by

shows

All bytes in the Secondary conditions Use compaction Refer to
range (HEX) scheme Annex
30tp 39 1. Leading byte(s) # 304, integer E2

2. Length of object > 1 byte
3. Length of object < 19 bytes
30tp 39 Length of object >-1(Byte numeric E3
41tp 5F Length of object> 2 bytes 5-bit code E4
20 tp 5F Length of object > 3 bytes 6-bit code E.5
00tp 7E Length.efiebject > 7 bytes 7-bit code E.6
00 tp FF N/A octet string E.7
If the originalfcharacter stringf(sjtoo short to satisfy the secondary condition for length, the octet

scheme shall
numeric com

be used. If the\other secondary conditions for integer compaction cannot be me
action shalkbe used.

For illustratidn, the eemipaction types refer to character representations of ISO/IEC 646 (see An
for values 00|to 7E."However, the compaction schemes apply to the string of byte values, irresy
of their interprétation. The precise interpretation is defined by the definition of the Object-1dg

iaon

string
t, then

nex F)
ective
ntifier

given eXterna.]" mtha ananlico

Ty [T CIICoppPIrcocIoTTT

D.2.4 Compaction Type codes

The codes for the Compaction Type are defined in Table D.2. One of these is applied to the data Object
after it has been through the data compaction process. On subsequent reading from the RFID tag, this is
used to identify how the data object shall be de-compacted.

Table D.2 — Compaction Type codes

Code value Name Description
Decimal Binary

0 000 application defined |as presented by the application

1 001 integer Integer
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Table D.2 (continued)

Code value Name Description
Decimal Binary

2 010 numeric Numeric String (from "0"..."9")

3 011 5-bit code Uppercase alphabetic

4 100 6-bit code Uppercase, numeric, etc.

5 101 7-bit code ISO/IEC 646 character

6 110 octet string unaltered 8-bit

7 111 UTF-8 string External compaction of ISO/IEC 10646

D.3 Encoding the length of the compacted Object

The lepgth of all Objects on output from the compaction process (including the®@bjects ndt intended for
compadction, or not achieving a compacted state) shall be determined and encoded as follqws:

1. Ifthelength is between 0 and 127 bytes, the length is encoded in pnebyte with the lgad bit =0
Obbbbbbb

where bbbbbbb = length in bytes
2. Ifthelength is between 128 and 16383 bytes, the length is encoded in two bytes as fqllows:

a.| Setthe first bit of the lead byte = 1 and the fitst bit of the second byte = 0.
1bbbbbbb  Obbbbbbb

b.| Convert the length (in bytes) to its-binary value.

c.| Encode the value in the bits 7to1 of each byte of the length encoding.
3. [Ifthelength is between 16384 and 2097151, the length is encoded in three bytes as fpllows:

a.| Set the first bit of the Tead byte = 1 and the first bit of the last byte = 0 and the|first bit of all
intervening bytes.=\1.

1bbbbbbb  1bbbbbbb  O0bbbbbbb
b.[ Convertthe length (in bytes) to its binary value.
c.| Encode the value in the bits 7 to 1 of each byte of the length encoding.

NOTE Although probably an unrealistic requirement, the rule (in step 3.a) can be extenddd to cover any
length.

D.4 Processing the Object-Identifier

D.4.1 Object-Identifier

The Object-Identifier in the application commands is in conformity with ISO/IEC 8824-1 and may be
presented in a style in conformity with that standard (see 6.3.1) or as a Uniform Resource Name (see
6.3.3). It may also be presented in a truncated form as a Relative-0ID, and this structure is discussed in
D.5.

The Object-Identifier value is encoded as a series of byte-aligned values as follows:
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1. The first two arcs of the registration tree are encoded as a single integer using the formula:

40f+s

where fis the value of the first arc;

s is the value of the second arc.

n_n

2. The value "n" of each additional arc is encoded into a byte-aligned-bit-field. This is done as follows

non,

for values of "n":

a. Forn<128:
the decimal value is converted to binary and encoded in a single byte; thus bit 8 is setto|zero
b. For 1P8 <n < 16384:
the decimal value is converted to binary and subdivided into two 7-bit strings:-bit 7 to bjt 1, bit
14 to(bit 8. Each of these new bit strings is encoded in a byte; with bit 8 ofjthe first byte set to 1,
bit 8 pf the last byte set to 0.
c. Forn|=16384:
the dpcimal value is converted to binary and subdivided inte 7-bit strings: bit 7 to bit 1f bit 14
to bif 8, bit 21 to bit 15, and so on. Each of these new bit strifigs is encoded in a byte; with bit 8
of thq first byte set to 1, bit 8 of the last byte set to 0 and-bit 8 of the intervening byte(s) set to 1.
The dxample below shows the process.
EXAMPLE
1. Valud=91234,,=1,01100100, 01100010,
2. Split Into 7-bit strings
0000101, 10010094 1100010,
3. Add grefix bits 0 for last byte
1 for preceding byte(s)
100060101, 11001000, 01100010,
Using this te¢hnique, the length of each component arc of the Object-Identifier is self-declaring. The
first byte alwhys defines'the first two arcs. Each subsequent arc is defined by one byte if the leagl bit of

that byte is 0
bit equal 0. TH

le arcvalue is encoded in the sequence of 7-bit values.

and multiple bytes if the lead bit is 1, the group of bytes ends with the byte with its lead

EXAMPLE

[00101000] , 1[1111000] , 0[1001010] , 0[0000001] ,
(1x40)+0 15434 1
10 15434 1

Although the number of arcs allows for an Object-Identifier of any length, this document limits the
length of the encoded value to be no more than 127 bytes. This is a constraint placed to meet encoding

requirements

on the RFID tag and the structure of the Logical Memory.

The constraint is on the encoded length of the Object-Identifier and not the number of arcs. It should
also be understood that an Object-Identifier encoded in 127 bytes is highly unlikely.
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D.4.2 Encoding the Object-Identifier

The need to encode the full Object-ldentifier is rare, because the formatting rules enable it to be
truncated in most cases. In those situations where the Object-Identifier shall be encoded, then the
structure, as described above, represents the bytes that shall be encoded.

The Object-Identifier is preceded by a length code as defined in D.6.

D.4.3 The dataset structure when the Object-Identifier is encoded

In the situations where a full Object-Identifier shall be encoded, the dataset is structured as defined in
Table D.3, which clearly identifies that the length of the Object-Identifier shall be calculated and precede
the enfoded value of the Object-Identifier.

Table D.3 — Dataset structures for Object-Identifiers

Descrijption Structure of byte String for an encoded datdset
Objectfldentifier Precur- |Length of Ob-|Object-Identi-|Length of dataData ~~
sor ject-Identifier |fier
Object-Identifier with| Precur- |Offset Length of Object- Length |Data~~ |Pad ~~
Ot sor Object-Identi-|Identifier of data
fier

~~ indjcates that this component typically can be multiple bytes.

The number of pad bytes can be 0 to 254, depending on the blogk size and lock block alignment.

D.5 Processing the Relative-OID

D.5.1| General

In sonde circumstances, a truneated form of the Object-Identifier, the Relative-0ID, can begincorporated
into application commands.

As thefirst arc(s) of the-Object-Identifier is declared by some other means (e.g. the Datd-Format), the
remaining arcs that are presented shall be encoded according to the rules of Step 2 in|the encoding
rules defined in D.4.

In sonje casesf the application will only provide the single final arc, and, for most practjcal examples,
this is|likelyto*be a value either less than 128 or less than 16384.

D.5.2 Fnrmaﬂ'ing the ﬂhjprf-ldpntiﬁpr based on the Data-Format

The Data-Format provides a shorthand method to achieve efficient encoding of the Object-Identifier.
This is done by the Data-Format declaring a specific common Root-OID that is used to truncate the
full Object-Identifier into a Relative-OID. For encoding, the byte values representing the Root-OID are
deleted from the beginning of the full Object-Identifier to create the Relative-OID. For decoding, the
Root-0ID is concatenated as a prefix to the Relative-OID to re-create an Object-Identifier in conformity
with ISO/IEC 8824-1.

The processes described below are based on a typical write application command being processed
by the Data Processor for encoding on an RFID tag. Where there are significant variants these are
described.

A. If Data-Format = Not-Formatted (0), Closed-System (30), or Extension (31)
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An error has occurred, and formatting is not possible.
B. If Data-Format = Full-Featured (1)

Each Object-Identifier shall be encoded as a full Object-Identifier, as defined in D.4.2. If a Rela-
tive-OID is presented, the application command is in error and formatting is not possible

C. IfData-Format = Root-OID-Encoded (2)

1. Parse the set of Object-Identifier values to identify any common Root-OID that has at least two
arcs. If the RFID tag already has an encoded Root-0ID, establish whether this can be applied to
the new Object-Identifiers. Once a common Root-OID has been identified, any other Object-Iden-
tifie:[value with a different root shall be encoded as a full Object-Identifier.

2. Creafe the common Root-OID if one is not already encoded on the RFID tag.

3. Strig out the common Root-OID from each Object-Identifier to create a Relative-OID from the
remgining arcs.

4. If Stgps 2 and 3 are not possible, an error has occurred, and formattingis not possible.

5. Eachlother Object-Identifier that cannot have the Root-OID stripped remains unchanged and is
encoded as an Object-Identifier.

An example of the input as shown in Annex G, subsequently processed with a Data-Format  Root-
OID-Encoded is illustrated in G.6.2.

D. IfData-Fqrmat=  Any code value 3 to 29, as defined inthe register of data constructs to the rules
of ISO/IEC 15961-2, with some examples illustrated in Table D.4.

Table D.4 — Example mappings of Data-Format to Root-OID

Data-Format |Application common Root-0ID

3 ISO/IEC 15434 "1015434" "28 F8 4A ;"

4 ISO/IEC 6523 "106523" "28 B2 7B 14"

5 ISO/IEC 15459 "10 15459" "28F863 1"

6 Library=Loan-Items "1 015961 8" "28FC5908 4"
8 1S015961-Combined "1015961" "28FC59 44"

10 Data-Identifier-Algorithm "1 015961 10"  "28 FC 59 0A 4"
12 TATA-Baggage "101596112" "28FC59 0C 14"

NOTE The| example of the library items clearly indicates that there is no requirement for a onefto-one

relationship bgtween’the Data-Format and the final arc of the Root-OID.

1. Parse the set of Object-Identifier values to identify the common Root-OID, as defined on the register
of data constructs (with illustrated examples in Table D.4).

2. IfStep 1is not possible, an error has occurred, and formatting is not possible.

3. Strip out the common Root-OID from Step 1 from each Object-Identifier to create a Relative-OID
from the remaining arcs.

NOTE The Root-0OID is not encoded, but implied by the Data-Format.

4. Every other Object-Identifier that cannot have the Root-OID stripped remains unchanged and is
encoded as an Object-Identifier.

An example of the input as shown in Annex G, subsequently processed with a Data-format = Data-
Identifier-Algorithm is illustrated in G.6.3.
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D.5.3 Encoding the Root-OID for Data-Format = Root-OID-Encoded (2)

A Root-OID up to 126 bytes long can be encoded. The value of the length is directly encoded in the
Precursor (see D.6.2), so the Root-OID immediately follows the Precursor. The value of the Root-OID is
exactly as the byte string derived from process C defined in D.5.2. It shall be encoded at the start of the
Logical Memory.

As the Root-0ID has no associated data Object, the length of the data shall be set to zero.

D.5.4 Dataset structure when the Root-OID is encoded

In the situations where a Root-OID shall be encoded, the dataset is structured as defined in Table D.5.
This identifies that a length value 00,4 shall be encoded, to enable the beginning of thenlext dataset to
be identified. If the Offset is required for block alignment, then the appropriate numbet of pad bytes
shall ble encoded.

Table D.5 — Dataset structures for Root-OID

Descrjption Structure of byte String for an encoded datase
Root-QID Precursor |Length of Root-|Root-OID ~~ |Length efdata
01D

= 0016
Root-QID with Offset|Precursor |Offset Length of Root- | Root=0ID ~~ |Length of data||Pad ~~
01D

=0046

~~ indjcates that this component typically can be multiple bytes,

The number of pad bytes can be 0 to 254, depending on the blo¢k size and lock block alignment.

D.5.5| Encoding the Relative-OID

D.5.5.1 Method

If the Relative-OID is provided by-the application, then it is already in a form for encodirjg in the rules
definefl in this subclause. If the application provides the full Object-Identifier, then thq Relative-OID
shall ble derived using the truncation rules described in D.5.2.

The ryles for encoding a-Relative-OID depend on the number of arcs and the value of the final arc, as
definefl below.

D.5.5.2 Single arc Relative-OID value 1 to 14

The final’byte of the Object-Identifier (representing the single arc value 1 to 14) transfefred from the
applicItion interface has a value 01 to OE, .. This single arc value shall be encoded in bits 4 to 1 of the
Precursor as defined in D.7. No additional bytes are encoded in the Logical Memory for this Object-
Identifier value and its length.

D.5.5.3 Single arc Relative-OID value 15 to 127

The final arc of the Object-Identifier (representing the single arc value 15 to 127) transferred from the
application interface has a value OF to 7F ;. The single arc shall be encoded in a single byte as follows:

Obbbbbbb,
Where bbbbbbb = arc value -15
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EXAMPLE
RELATIVE-OID = 23
bbbbbbb = 23-15=8
= 00001000,
0816

No additional bytes are required to encode the length of the Relative-OID with this range of values.

D.5.5.4 Other Relative-OID values

Irrespective ¢f the number of arcs and the value of those arcs, other Relative-OID values shall be
encoded with|the byte values presented in the application command or as derived fromiprocessing the
Data-Format to strip off the Root-OID.

The Relative-pID is preceded by a length code as defined in D.6.

D.5.6 The dataset structure when the Relative-OID is encoded

In the situatidns where a Relative-OID shall be encoded, the dataset is structured as defined in Talple D.6.
This identifief that if the Relative-OID is other than a single arc with-the value 1 to 127, then the[length
of the OID shdll be calculated and precede the encoded value of the Relative-OID.

Table D.6 — Dataset structures for'Relative-OIDs

Description Structure oftbyte String for an encoded dataset
Single Relative-OID|Precursor |Length of data |Data ~~

1-14

Single RelativeOID 1| Precursor |Offset Length of data |Data ~~ Pad ~~

-14 with Offsef

Single Relativle-OID |Precursor |Relative-OID:~ |Length of data |Data ~~

15 -127

Single Relativle-OID |Precursor |Offset Relative-OID  |Length of data |Data ~~ |Pad ~~
15 -127 with Qffset

Other Relative-OID |Precursor- [length of OID |OID ~~ Length of data |Data ~~

Other Relativie-OID |PrecurSor |Offset Length of OID |OID ~~ Length of| Data ~~ |Pqd ~~
with Offset data

~~ indicates that this component typically can be multiple bytes.

The number of gjad by/tes can be 0 to 254, depending on the block size and lock block alignment.

D.6 Encoding the length and Object-Identifier or Relative-OID
The process to encode the length of the Object-Identifier or Relative-OID is as follows:
1. Record the byte string that represents the Object-Identifier or Relative-OID value.
2. Count the number of bytes in the Object-Identifier or Relative-OID.
3. Ifthelength is between 1 to 16 bytes, continue, otherwise go to step 4.

a. Assign 1 byte for length encoding.

b. Assign value 100 for bits 8 to 6 to act as an indicator.
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c. Encode the length (in bytes) of the Object-Identifier or Relative-OID in the remaining 5 bits:
length + 1 = bbbbb

d. Encode the Object-Identifier or Relative-OID in the subsequent bytes.
NOTE This procedure allows a Relative-OID with a single arc value 0 (presented as 00,4) to be encoded.
4. [Ifthelength is between 17 to 126 bytes:
a. Assign 2 bytes for length encoding.

b. Assign value 101 for bits 8 to 6 of the first byte to act as an indicator.

c.| Encode the length (in bytes) in bits 7 to 1 of the second byte.
10100000 Obbbbbbb

d.| Encode the Object-Identifier or Relative-OID in the subsequent bytes.

EXAMPLE
RELATIVE-OID ="12345678901234567890423456789"

From application =31 32 33 34 3536 37 38 39 30 3132 33 343536373839 3031323334
(29 bytes long) 35363738394

Encoding = A0 1D 31 32 33 34 35 36'37 38 39 30 31 32 33 34 35 36 37 38 39 30 31 32
3334353637 3839

The first two bytes define the length, but all the other bytes aile as provided

by the application command, or the process to strip off the Rpot-OID based
on the Data-Fermat.

D.7 Precursor

D.7.1| Definition

The Precursor is a single metadata byte that is always the first byte of the dataset|and provides
information abouts

— The Compaction Scheme applied to the encoded Object.
— THhe @bject-Identifier.

— Whether any block alignment has been necessary (e.g. for locked data).

There are also some values of the Precursor that are used for different functions, as described in the
subclauses below.

D.7.2 Precursor for Data-Format not equal to 2

The Precursor is a single byte that positioned at the beginning of each dataset. The structure of the
Precursor is bit based from bit 8 to bit 1, as follows:

Bit 8: the offset and expansion bit

ifbit8=0 no offset is present
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ifbit8=1 an additional byte follows as part of the Precursor
Bits 7 to 5: the Compaction Type Code (see D.2.4)
Bits 4 to 1: used to directly encode some Relative-OID values

values 0001 to 1110, shall encode a Relative-OID that has only one arc and that arc
has a value 1 to 14

value 1111 indicates that the Relative-OID, Object-Identifier or Root-OID is directly
encoded in subsequent bytes

D.7.3 The Precursor for the Root-OID for Data-Format = 2

The Data-Forat = Root-OID-Encoded (2) requires the Root-OID to be directly encoded. The’Prefcursor
for the Root-QID only shall be 1 byte that precedes the Root-OID; there is no associated compacted
Object. This Precursor structure applies to the Root-OID being encoded in the directory and|in the
dataset area.

The structurdg of the Precursor is bit based from bit 8 to bit 1:

Bit 8: the offset and expansion bit

if bit8 =10 no offset is present

ifbit8=1 an additional byte follows as‘part of the Precursor
Bits 7 to 1: the length of the Root-OID (in bytes) betweéen 1 to 126

bbbbbbb = length of the Root-OID,

The Precursar for all other datasets in Logical Memory structures with Data-Format =2 shal| be as
defined in D.72.

D.7.4 Precursor value 00, as a terminator

The Precursof with the value 00, acts' as a terminator of the dataset list of No-Directory structure. It
also acts as a ferminator of the difiectory in a directory structure on the Logical Memory.

D.7.5 Prea[rsor value 80, for the Null byte

The Precursop with th&xalue 80,4 signals a Null byte that is inserted in a sequence of dataset$ when
one has been modified.or deleted.

In the case of{the Modify command (see 8.4.3), if the encoded length of the modified dataset is|longer
than the previouSly encoded dataset, there can be a requirement to re-organise all subsequent data
on the RFID tag. An alternative solution is to encode the required number of Null bytes in the existing
space and encode the modified dataset at the end of all existing datasets. This solution of using the
Null byte, might not be possible in the situation where the modified dataset, placed at the end of the
encoding, causes the encoding to overflow the memory capacity.

A similar option is available for the Delete command, which simply requires the deleted dataset to be
overwritten with a series of Null bytes. The Null-byte should not be used as the last dataset, because
this is consuming encoding capacity for no logical advantage.

During the decoding process, if the byte value 80,4 occurs as a valid Precursor, then all contiguously
encoded bytes with the same value shall be ignored. The first byte that has a different value shall be
processed as the Precursor of the next dataset.
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D.8 Offset byte

The Offset byte is required if the block(s) containing the dataset shall be block aligned. This can be
necessary because the dataset or an adjacent dataset is required to be locked.

The Offset byte shall encode the value of the number of pad bytes (byte value 80,4) required to follow
the end of the Object to place the next Precursor or terminator at the beginning of the next block.

NOTE As the maximum block size is 256 bytes (see 9.3.3), and the Precursor plus offset require two bytes,
the maximum value for the Offsetis FE .

The Offset value 0044 is valid. It is

used whe
datasetwH esh

n the Offset itself provides the padding feature, i.e. when the

The Offfset value FF shall be used to indicate that the Offset is followed by a Precursorexpansion byte
(see DD).

D.9 Precursor expansion byte

If the Pffset byte has the value FF, it shall be followed by the Precursor expansion byfe. At present,
this on]ly has a limited specification. Bit 7 to 1 are reserved for future\€xpansion of the Pifecursor. Until
this dqcument is amended or revised, the Precursor expansion hyte’shall not be used.

When |t is more fully specified, if bit 8 = 0, there is no Offset byte to follow. If bit 8 = 1, then an additional
Offset pyte shall follow and values 00 to FE;4 shall be usedto indicate the value of the Offget.

1°2)

NOTE This subclause is included to show that the Prectrsor feature has scope for expansioh if required in
the futfyire.

D.10Decoding the Logical Memory

D.10.1 General

The following sub clauses provideésadvice and rules to decode components of the Logicall Memory. The
simplgr decode functions that caneasily be determined from the encoding rules are not cpvered.

D.10.2 Overall decode.strategy

The D$FID is the primekey to decoding. Particular values determine whether a directorjy structure is
used, ywhich enables\a three-stage search to be undertaken:

1. to|read thé entire directory.

2. to|parse’the directory to locate the address of the required dataset.

3. toread the dataset starting Irom that address.

In contrast, a No-Directory structure requires continual processing of the dataset area until the desired
Object- Identifier is found.

The DSFID also provides information about the Root-OID, particularly whether this is implicitly or
explicitly encoded.

The parsing process is continually looking forward, whether this is for reading the directory, the
datasets in a No-Directory structure, or a particular dataset.

If the Object-Identifier is not required, the value for length of Object can be used to skip forward to the
next Precursor. A similar, but slightly more complex process is possible to invoke to skip over the Object-
Identifier. In this case, the first byte(s) of the encoded Object-Identifier shall be parsed to determine the
length and type of Object-Identifier. These points are more fully described below.
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D.10.3 Decoding the DSFID

The following DSFID values are in the format m, n where m = Access-Method (0-1) and n = Data-Format
(0-31). This advice only applies to those values already assigned in this document and in ISO/IEC 15961.

The following

values indicate structures and processes:

0,1-- No-Directory, with each Object-Identifier presented in full.

0,2-- No-Directory with an explicitly encoded Root-OID in the firstlogical position. All subsequent
Relative-OID values are prefixed by the Root-OID when decoded. Full Object-Identifiers may

a

pear in the encodation.

Onn=3
ative-OID
the encod

1,1-- D
3

1,2-- D
in
d

1n(n=3.
ues are pij

These rules d
Access-Metho

D.10.4 Deco

D.10.4.1 Pre

The followin
following sub

bits

8 If]
If=1 T
7to5 D

..287) -- No-Directory with the Root-OID defined by the Data-Format. All subsequé
values are prefixed by the Root-OID when decoded. Full Object-Identifiers may apj
ation.

rectory with each Object-Identifier presented as in full in both the directory and {
set area.

rectory with an explicitly encoded Root-OID in the firstlogical pgsition of the directa
the dataset area. All subsequent Relative-OID values are prefixed by the Root-OIL
bcoded. Full Object-Identifiers may appear in the encodation.

.287) -- Directory with the Root-OID defined by the DSFID. All subsequent Relative-Q
efixed by the Root-OID when decoded. Full Object=Idéentifiers may appear in the enco

ds should be used as the correct reference.

ding the Precursor

Cursor

b bit-based structure applies to the Precursor, with three exceptions defined
clauses.

=0 There is ne’expansion nor offset byte to follow.
here is an-Expansion byte (see D.9) which may be followed by a second offset byte.

bfin€s the Compaction Type Code (see D.2.4). Decompaction is only required if the con

nt Rel-
pear in

he da-

ry and
when

ID val-
Hation.

b not necessarily apply to different Access-Methods and the detailed specification of other

in the

hmand

Cd

lIsdor the particular Object to be returned.

4to1 Values 0001 to 1110 represent the value of the single Relative-OID arc value 1 to 14. In this
case, the Precursor is followed by the byte(s) defining the length of the Object. The Object-
Identifier is treated as a Null field.

Value 1111 indicates that the Precursor is followed by an encoded Object-Identifier (of any
permitted type).

D.10.4.2 Terminator byte

If the Precursor has the value 00, it acts as a terminator to signal the end of the directory and/or the
end of the encoding of the datasets.

126
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D.10.4.3 Null-byte

If the Precursor has the value 8044 it signals that this and contiguous bytes with the same value have
been used to deal with the encoding space following a delete or modify command. The first byte that
has a different value shall be treated as the valid Precursor of the next dataset.

D.10.4.4 Precursor for the explicitly encoded Root-OID

If the DSFID is 0,2 the Precursor in the first logical byte position shall have the following structure:

bits

8 If=0 There is no expansion nor offset byte to follow.
IfF1 Thereis an expansion byte (see D.9) which may be followed by a second offsef byte.
7101 Defines the length (in bytes) of the Root-OID.

If the IDSFID is 1,2 the Precursor in the first logical byte position of the directory and of the dataset area
shall hlave the structure as above.

D.10.5 Decoding the leading byte(s) of the encoded Object-Identifier

Generally, the encoding of the Object-Identifier immediately folows the Precursor. The oxﬁly exceptions
to thid are when the Precursor itself encodes the Object:tdentifier (i.e. as for a low value single arc
Relatiye-OID), and where an offset byte is inserted aftex the Precursor.

The first byte(s) of the encoded Object-ldentifier identify the type of Object-Identifier apd the length,
and sometimes the value of this, as defined below:

First byte value
(HEX)

00to 70 This encodes the.wvalue of a Relative-OID that has a single arc. To calculate the value
of the arc forthe application interface add OF 4 to that in the Logical|Memory.

This byte'is followed by the byte(s) encoding the length of the encodpd Object.

80 to 9F This)encodes the length of a Relative-OID (see D.6) for lengths between 1 to 16 bytes.
bits 5 to 1 encode this, and the length = bbbbb - 1.

This byte is followed by the Relative-OID.

AQ This encodes the length of a Relative-OID using this lead byte and th¢ next byte for
lengths between 17 to 126 bytes. bits 7 to 1 of the second byte directly encode the

Ipngﬂ'\

This pair of bytes is followed by the Relative-OID.

COtoDF  This encodes the length of an Object-Identifier for lengths between 1 to 32 bytes.
bits 5 to 1 encode this; and the length = bbbbb - 1.

This byte is followed by the Object-Identifier.

EO This encodes the length of an Object-Identifier using this lead byte and the next byte
for lengths between 33 to 127 bytes. bits 7 to 1 of the second byte directly encode
the length.

This pair of bytes is followed by the Object-Identifier.

© ISO/IEC 2022 - All rights reserved 127


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)
Annex E
(normative)

Basic data compaction schemes

E.1 General

The basic dafa compaction schemes were first introduced in the 2004 version of this docum
the No-Directory Access-Method. They are also called out in the Packed-Objects and Tag-Pata-
Access-Methods. Annexes associated with the other Access-Methods make specific/refere
subclauses bellow.

The basic datja compaction schemes are applicable to data Objects to reduce the ‘d@mount of en|
space required to store that data on the RFID tag. The schemes shall apply to entire data Object,

not possible tp switch schemes in the middle of a data Object. Nor shall a compdction scheme st
two, or more,|data Objects. By applying data compaction to a complete Object, it can be extracte
compacted fof'm as part of a read or write command.

bnt for
Profile
hce to

coding
.e.itis
raddle
l in its

The schemes|are defined below in sequence of greatest potential compaction to no compacti¢n. If a

character string is too short to compact under any one compactiofi'scheme, the character string s
encoded using octets.

E.2 Integdr compaction

hall be

Integer compgctionisdesigned to compactdecimal iritegers from the value 10 t0 9999999999999999999

(i.e. any 2-dig|t to 19-digit value) to a binary forngat. All input bytes shall be in the range 30 to 39
the leading byte(s) shall not be 304.

If the decimalfinteger value is less than 10jtuse octet encodation. If the decimal integer is longer t
digits, or the Jeading byte(s) are 30, 4umeric compaction shall be applied.

The rules for |nteger compaction are:
a) Ifthe decjmal numeric value’is 10 to 9999999999999999999, convert to a binary value.

This allows for conyersion within a 64-bit value (or 8 bytes). Some program languages can s
a simple |data type,‘conversion to an integer value (different names are used). If the par
language|does notsupport a data type conversion of a decimal value of 19 digits, then a twd
process should be used:

6> and

han 19

ipport
kicular
-stage

1) Use the datatype conversion up to the [mitof the program anguage.

2) Use a Modulo 256 conversion for higher values.

b) Alignto abyte boundary, by padding with leading zero bits if required. Depending on the conversion
procedure used, it could be necessary to strip off any leading bytes with the value 00,4 to achieve
the minimum encoded length. The encoded byte string should not include Encode as integer, code

value 001 in the Precursor.

E.3 Numeric compaction

Numeric compaction is designed to encode any decimal numeric character string, including leading
zeros. The character string shall be 2 or more characters long. Numeric compaction preserves the
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original character string length so that, once decoded, leading zeros, if present, are output. All input
bytes shall be in the range 30 to 39.

The rules for numeric compaction are:
a) Convert each decimal digit to its 4-bit binary equivalent (Binary Coded Decimal).

b) If the numeric character string has an odd number of digits, append an additional 4-bit string
"1111" to align the compaction to byte boundaries.

c¢) Encode each 4-bit pair as a byte. Define the compacted sequence as numeric, code value 010 in the
Precursor.

During the decode process, if the last byte has the value "xF", the last four bits "1111" ar¢ discarded to
re-create the numeric character string of an odd number of decimal digits.

E.4 b-bit compaction

5-bit qgompaction is designed to encode uppercase Latin characters and some punctuation. All input
bytes shall be in the range 41 to 5F;,. The character string shall be3'er more characters long. Up to
37 % qf memory space can be saved using this scheme. Annex F shows'the ISO/IEC 646 characters that
can be|encoded.

The rules for 5-bit compaction are:

a) Fdqreach character:
1)[ Confirm that the byte value is in the range 41:to 5F .
2)| Convert the byte value to its 8-bit binarjZequivalent.
3)| Strip off the lead 3 bits "010".
4)[ Write the remaining 5-bits to.a bit string.

b) Once all the characters have been converted to 5-bit values and concatenated, dividg the resultant
bit string into 8-bit segments'starting with the most significant bit. If the last segment contains less
thpn 8 bits, pad with "0".bits.

c) Cdnvert the 8-bit segments to hexadecimal values.
d) Encode the converted byte sequence as 5-bit code, code value 011 in the Precursor.

During the de¢ode process, each 5-bit segment of the compacted bit string has "010" added as a prefix
to re- greatesthe 8-bit value of the source data. If "0" pad bits are present at the end of tHe compaction
bit string; théy are discarded.

If 5, 6 Or 7 pad DIts are present, the decoder could attempt to convert the 1rst 5-bits to the source
data. However, this results in character 40,4, which is not supported in 5-bit compaction and shall be
discarded.

E.5 6-bit compaction
6-bit compaction is designed to encode uppercase Latin characters, numeric digits, and some
punctuation. All input bytes shall be in the range 20 to 5F;,. If the trailing byte(s) are 20,4, 7-bit

compaction shall be used. The character string shall be 4 or more characters long. Up to 25 % of memory
space can be saved using this scheme. Annex F shows the ISO/IEC 646 characters that can be encoded.

© ISO/IEC 2022 - All rights reserved 129


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

The rules for 6-bit compaction are:

a) Check for byte 20,4 in the final position(s). If found, go to 7-bit compaction, otherwise continue
steps 2 to 5.

b) For each character:

1) Confirm that the byte value is in the range 20 to 5F .

2) Convert the byte value to its 8-bit binary equivalent.

3) Strip off the leading 2 bits: "00," for bytes 20 to 3F;4 or "01," for bytes 40 to 5F 4.

4) Concatenate the remaining 6-bits to a bit string.

c) Divide thg resultant bit string into 8-bit segments starting from the most significantbit) If the last
segment fontains less than 8 bits pad, as appropriate, with the first two, four or allbits of the pad

string "1Q0000,".
d) Convert the 8-bit segments to hexadecimal values.
e) Encode the converted byte sequence as 6-bit code, code value "100," in the-Precursor.
During the decode process, each 6-bit segment of the compacted bit strifig-is analysed.

If the firsf bitis "1," the bits "00" are added as a prefix before cohverting to values 20 to 3F,

If the firsf bit is "0,", the bits "01" are added as a prefix beforg converting to values 40 to 5F}

[*))

b

If pad stringg "10", "1000" or "100000" are present at the'end of the encoded bit string, they are

discarded.

If 6 pad bits affe present, the decoder can attempt to_ convert this to source data. This results in character

204¢ that is nqt supported in this final position andshall be discarded.

Using the example in 8.1.2, the example below shows the effect of processing the Object through the

data compactjon process.

EXAMPLE

130

The Object content"ABC123456" converts to HEX as 41 42 43 31 32 33 34 35 36. Anglysing
this byte stream §hows that all values are in the range 20 to 5F ¢, enabling 6-bit compgaction
to|be used. The Object byte stream converts as follows:

HEX: 4142 43313233343536

Bipary: 10000001 10000010 10000011 00110001 0011001
00110011 00110100 00110101 00110110

Remove bits 8 & 7: 000001 000010 000011 110001 110010110011

110100 110101 110110

As this is only 54 bits, the first two bits of the pad string "10" are appended and the 56-bit
string is divided into a sequence of 8-bit values:

000001 00 00100000 11 110001 110010 11 00111101
00110101 11011010

Convertto HEX: 04 20F1 CB3D 35 DA

© ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

E.6 7-bit compaction

7-bit compaction is designed to encode all ISO/IEC 646 characters including control characters except
for DELETE. All input characters shall be in the range 00 to 7E;. The character string shall be 8 or
more characters long. Up to 12 % of memory space can be saved using this scheme. Annex F shows the
ISO/IEC 646 characters that can be encoded.

The rules for 7-bit compaction are:
a) For each character:

1) Confirm that the byte value is in the range 00 to 7E .

2)| Convert the byte value to its 8-bit binary equivalent.
3)| Strip off the lead bit "0".
4)| Concatenate the remaining 7-bits to a bit string.

b) Once all the characters have been converted to 7-bit values, divide the resultant bit stfing into 8-bit
segments starting with the most significant bit. If the last segment-contains less thpn 8-bits, pad
with "1," bits.

c) Cdnvert the 8-bit segments to hexadecimal values.

d) Erjcode the converted byte sequence as 7-bit code, code value "101," in the Precursor

EXAMPLE

THe Object content "Ace#123451337" converts'to HEX as 41 63 65 23 31 32 33 34 35 31 33 33 37
Analysing this byte stream shows that all vales are in the range 00 to 7E, enabling 7-hit compaction
to|be used. The Object byte stream converts as follows:

HEX: 41 63 65 23 3182 33343531333337
Binary: 01000001.01100011 01100101 00100011 00110001 00110010 (0110011
00110100 00110101 00110001 00110011 00110011 00110111
Remove bit 8: $000001 1100011 1100101 0100011 0110001 0110010 0110013 0110100
0110101 0110001 0110011 0110011 0110111

As thisds‘only 91 bits, the first five bits of the pad string "11111" are appended and the 96-bit
stringis-divided into a sequence of 8-bit values:

10000011 10001111 00101010 00110110 00101100 10011001 1|0110100

01101010 11000101 10011011 00110110 11111111
Convertto HEX: 83 8F 2A 36 2C 99 B4 6A C5 9B 36 FF

NOTE Although the last encoded byte contains all "1,"s, decoding from the first byte in 7-bit steps ensures
that the pad bits are correctly recognised and discarded

During the decode process, each 7-bit segment of the compacted bit string has bit "02" added as a prefix
to recreate the 8-bit value of the source data. If "12" pad bits are present at the end of the encoded bit
string, they are discarded.

If 7 pad bits are present, the decoder can attempt to convert these to source data. However, this results
in character 7F 4, which is not supported in 7-bit compaction and shall be discarded.
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The encoded string " AF CB OE EC FB 32 F2 40 BE 0C 28 71 22 FF " is presented to the decoder, and
processed as follows:

Convert to 8 bits: 10101111 11001011 00001110 11101100 11111011 00110010 11110010

Concatenate &

01000000 10111110 00001100 00101000 01110001 00100010 11111111

split to 7 bits:

Add 1¢
each 7

Conve,

Conve,
IEC 64
ters:

NOTE The)
supported cha
15-character s
a byte aligned
sixteen 7-bit sd
a pad sequencg
invalid charact

E.7 Octet

Octet encodat
bytes in the r

The encoded
the Precursor

01010111 01110010 01100001 01101110 01100111 011011006011
01110010 00100000 00101111 01000001 01000010 01000011 010
01000101 01111111

ad 0 to
bits:

rtto HEX: 57 72 61 6E 67 6C 65 72 20 2F 41 42 43 44 45 7F

tto ISO/ W 1

6 charac- C

r
D

a
E

n e

g

HEX byte 7F at the end of the encoding appears to be,valid character, except that 7F
Facter for the 7-bit compaction scheme. The apparent ambiguity is caused by the fact t
fring "Wrangler /ABCDE" encodes over 105 bits and/requires 7 pad bits at the end to en
basis. During the decode process the 14 encoded bytes (112 bits) are concatenated and sf
quences each of which is prefixed by a leading 0.bit. The last 7-bit sequence "11111112" in
. When this has the 02 prefix this appears a§’a legitimate byte, except for the fact that 7}

bncodation

ion is used when none of the above compaction schemes can be invoked. It enco
inge 00 to FF.

byte string is identical to the source byte string. Encode as octet string, code value
No decode procéssing is required.

er, and so is discarded. This occurs for charaeter strings of 15, 23, 31 and so forth in length.

1010111 1110010 1100001 1101110 1100111 1101100 1100101 1110010

11

00101
00100

s not a
hat the
ode on
lit into
dicates
F is an

des all

110 in

132
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ISO/IEC 646 characters supported by the compaction schemes

ISO/IEC 646 Character Included in compaction type
character value (HEX) 7-bit 6-bit 5-bit Numeric
NUL 00 )
SOH 01 A v
STX 02 .
ETX 03 Lo
EOT 04 NG
ENQ 05 e
ACK 06 AN
BEL 07 f
BS 08 N
HT 09 &
LF 0A oV
VT 0B N
FF 0C o
CR 0D BN
) OE .
SI OF A
DLE 10 =
DC1 1 o
DC2 12 U
DC3 3\
DC4 e
NAK RNt
SYN = 16
ETB - 17
canN 18
EM 19
SUB 1A
ESC 1B
FS 1C
GS 1D
RS 1E
US 1F
SPACE 20 .
! 21 .
" 22 .
# 23 .
$ 24 .
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ISO/IEC 646

character

Character

Included in compaction type

value (HEX)

7-bit

6-bit

5-bit

Numeric

%

25

26

27

28

29

2A

2B

2C

2D

2E

2F

30

31

32

33

34

35

36

37

38

OO0 (N[N |V [ DA WIN|R[O|]-

39

%
%

3A

+

3B

3C

3D

\Y

3E

-~

T|o|Z ||| R|—|—~|Z|om|m|lg|o|lm| >0

134
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ISO/IEC 646

character

Character

Included in compaction type

value (HEX)

7-bit

6-bit

5-bit

Numeric

51

52

53

54

55

56

57

58

59

5A

5B

5C

5D

Sl—|l— | INI< X[ S| <|ala|wn|m|o

5E

5F

60

61

62

63

64

65

66

67

S || ||l |ofw

68

—

—

X

C

—=N‘<><2<:~m-:.zg&1:o:5~w
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ISO/IEC 646 Character Included in compaction type
character value (HEX) 7-bit 6-bit 5-bit Numeric
" 7D .
~ 7E .
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Annex G
(informative)

Encoding example for No-Directory structure

G.1 General

The en
clause
more {

G.2 $tarting position

coding example shown below is based on the processes specified in this document
is referred to at each stage of the illustrated example. Specific implementatiens-a
fficient, but the detailed steps are shown to aid readers with an understanding of t

. The relevant
e likely to be
he process.

This sfage is based on the transfer of the Object-Identifiers and Objeets in application commands.

This example uses two hypothetical Object-Identifiers and Objects, but not considering 4
argumlents such as locking the dataset.

EXAMH

Using the urn form (see 6.3.3) for the Object-Identifier and printable characters for the Object, t

are:

urh:oid: 1.0.15691.27.48 with the nine-character data "ABC123456"

urh:oid:1.0.15961.27.13 with the two-charactét data "50"

The da

G.3 |

For th
any tr
=2,b

Using
ur

urj

LE

ais probably transferred as the hexadecimal strings "41 424331323334 3536"and "353

Encoding the Object-Identifiers

s illustration, assume that the full Object-Identifier is first created in the correct

for other Data-Eermats it is possible to identify the Root-OID and only encode the
he rules defined'in D.3:
n:oid: 1.08:1¥5691.27.48 encodes as "28 FC 59 1B 30"
n:oid:1:0.15961.27.13 encodes as "28 FC 59 1B 0D"

ny additional

he input values

)", respectively.

format before

ncation to remove the common Root-OID. This is a procedure that can be used witl Data-Format

Relative-OID.

G.4 Initial state of the entry for the Logical Memory

Using the example in G.3, the bytes can be mapped to create the initial encoding as illustrated in
Table G.1. The Precursor bits are set to NULL. All the other encoding is of bytes.

NOTE

©150/1

The contents of Table G.1 will be updated as additional processes are applied.

EC 2022 - All rights reserved
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Table G.1 — Initial encoding example of application data

Precursor (bits) Offset | L of Ob- | Object-Identi- |Length Object
b8 | b7 [ b6 [ b5 [ba [b3 [ b2 [ b1 ject-1d fier of Ob-
ject
05 28FC591B 30 09 |414243313233343536
05 28FC59 1B 0D 02 (3530

G.5 Logical Memory after data compaction

After processing through the Data Compactor, the data Object and its length can be redefined, but the

Object-Identii]ier remains unchanged.

The compactjon process (as defined in D.2 and Annex E) can be applied to the two data’obj

Table G.1.

— The data|Object 41 42 43 31 32 33 34 35 36 is compacted to 7 bytes, using thé-6-bit code T;
become 04 20 F1 CB 3D 35 DA (see E.5 for the detailed conversion).

— The data|Object 35 30 is compacted to 1 byte "32" using the integer Typé/see E.2 for the d
conversidn).

The first data

— Length of

data Obje
The second d3

— Length of

data Obje

The results ar

Object has the following changes:

Compaction Type in the Precursor bits 7 to 5 = 100BIN

data Object =07
ct: 04 20 F1 CB 3D 35 DA

ita Object has the following changes:

Compaction Type in the Precursor bits 7 te.5*= 001BIN

data Object =01
ct: 32

e shown in Table G2\

Table G.2 — Encoding example after data compaction

bcts in

ype, to

btailed

Preg¢ursor (bits) Offset | L of Ob- | Object-Identi- | Length Object
b8 | b7 | b6 [[b5 | b4} b3 [ b2 | b1 ject-1d fier °ife(:‘t"
1| 0[O 05 |28FC591B30 07 |0420F1CB3D35|DA
0] 0] 1 05 |[28FC591B0OD 01 32

G.6 Logical Memory after formatting for a No-Directory Access-Method

G.6.1 Gene

ral

The format rules have a different effect depending on the Data-Format values. The following subclauses

illustrate this

138

using the same input with different Data-Formats.
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G.6.2 Logical Memory after formatting for Data-Format = 2 (Root-OID-Encoded)

Table G.3 shows the result of formatting the input of Table G.2 with Data-Format = 2 (Root-OID-
Encoded):

— The Root-0ID 28 FC 59 1B is created, and its length of 4 bytes encoded in the Precursor.

— The first Relative-OID is created. As it is a single arc it is a potential candidate for encoding in
the Precursor, but as its value is greater than OE, the Relative-OID shall be directly encoded in
subsequent bytes and the Precursor bits 4 to 1 = 1111,

— The Type of Object-Identifier and its length are encoded, as follows:

— The Type is encoded in the first 3 bits; Relative-OID = 100,

—|{ The length is less than 16 bytes, so is encoded in bits 5 to 1 with length = bbbbb2-1; length of 1
is encoded as 00010,

— The bit steam 10000010, = 82,4

— THhe second Relative-OID is created. As it is a single arc it is a potential candidate fqr encoding in
the Precursor, and as its value is no greater than OE, the Relative:-0ID is encoded in the Precursor.
Rglative- OID = 0D encoded in Precursor bits 4 to 1 = 1101,

— Ng length, nor value, needs to be encoded for this Relative-OID, because it is bit encoded in the
Prlecursor, saving two bytes.

Table G.3 — Encoding example for Data-Format = 2

Precursor (bits) Offset | Object:Id | Object-Identi- | Length (bject
b8 | bf [ b6 [ b5 [ba [ b3 [b2 [ b1 type & fier of Ob-
Iength ject
0| 1|0 0 28 FC59 1B 00
82 |30 07 |04 20F1({B3D35DA
01 (32

G.6.3 | Logical Memory after formatting for Data-Format not equal to 2

Table ;.4 shows the result of formatting the input of Table G.2 with Data-Format not equal to 2. This
clearlyf shows that thé Root-OID is not encoded, because it is directly indicated by the Ddta-Format. In
all othgr respects,the‘encodation is as in Table G.3, because the same procedures are usedl to create the
precuysor for each-Object-Identifier/Object pair.

Table G.4 — Encoding example of Data-Format not equal to 2

Preeursor{bits) Offset—Objeetid—Objeetidenti—Fength bject
b8 | b7 [b6 [ b5 [ ba [b3 [ b2 | b1 type & fier of Ob-
length ject
1| 0| O 1 1 1 1 82 |30 07 [0420F1CB3D35DA
o 1f 1} 1} o 1 01 |32
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Annex H
(informative)

Encoding example for a directory structure

H.1 Base data

Table H.1 shoyvs 64 bytes of encoding for nine datasets, with the shaded cells indicating compacte
The byte valyes in white cells therefore represent the Precursor, the encoding of the Object-ldg
and length byftes.

Table H.1 — Example encoded byes without a directory

d data.
ntifier

2nd pibble of HEX Address

x0 |x1 [x2 (x3 [x4 |x5 [x6 |x7 [x8 [x9 |xA xXB [xC |xD |[xE | |xF

ox |4F [82 [32 |07 |o4 [20 [F1 [cB [3D [35 [pAJ|1D [o1 |32 |11 []o6

1Stf“lil]’3‘)’(le 1x |0B [3A |73 |CE |2F |[F2 |02 |o1 |F8 |[43¢[eA |38 |cB |71 |cB|[|3D
Aoddress 2¢ (35 [DB [7E [39 [c2 |44 |os [38 |cB A79°|E7 [98 [15 |02 o4 ||co
33 |16 |05 |02 [4C [BO |16 |EA |17 |06< )70 |48 |86 |oD |[DF |79 | |00

H.2 Encodiing the first directory entry

Each directorfy entry takes leading bytes of the dataset as follows:

— The Precuyirsor for the dataset.

— The length of the Object-Identifier (conditional).
— The Obje¢t-Identifier (conditional)

As the first
hexadecimal, the byte sequence is:

=lthe Precurser
=the length.ofthe Object-Identifier
= the Object-Identifier

The address gfthe Precursor for this dataset is 00;4. This address applies irrespective of the blo

taset has the Relative-OID value 4810, each of these components shall be encogled. In

ck size

of the Logical Memory. The complete sequence 1s encoded, starting irom the highest addressed block

in the memory. For this example, assume that the block size is 8 bytes. The bytes are encoded
highest block, but still with the normal read direction as shown in Table H.2.

Table H.2 — Start of the directory

2nd pibble (HEX) of block
x0 [x1 [|x2 |x3 |x4 |x5 |x6 |x7

(n-3)x
1stnibble (n-2)x
(HEX) of
block |(-1)x
(mx |4F [82 (32 |00
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H.3 Encoding the second directory entry

The second dataset has its Relative-OID encoded in the Precursor, so only the value (1D;4) of the
Precursor is encoded in the directory. This is followed by the byte address (1D;¢z) of the Precursor.
These bytes are encoded immediately after the previous directory entry, as shown in Table H.3.

Table H.3 — Second directory entry

2nd pibble (HEX) of block
x0 |x1 (x2 [x3 (x4 [xX5 [x6 |x7

(n-3)x

H.4 |

The rq
follow

— Th
th

— Th
th

— Th
th

— Th
th

— TH
in

— Th
th

— Th
th

— TH
The co

n_n

TnIbble [(;2)x
(HEX) of

block |@-1)x
(m)x |4F (82 (32 |00 |iD |oB

Fncoding the remaining directory entries

maining datasets are processed to add the Object-Identifier’and location to the

H

e third dataset only requires the Precursor and its location to be encoded, and thi
e end of the highest block (based on this example of an'8-byte block).

e fourth dataset only requires the Precursor andits'location to be encoded, and thi
e beginning of the next highest block (based on.this example of an 8-byte block).

e fifth dataset only requires the Precurser,and its location to be encoded, and thi
e block (n-1), based on this example of at1.8-byte block.

e sixth dataset only requires the Ptécursor and its location to be encoded, and thi
e block (n-1), based on this examptle of an 8-byte block.

e seventh dataset only requires the Precursor and its location to be encoded, and 1
the block (n-1), based on-this example of an 8-byte block.

e eighth dataset only. requires the Precursor and its location to be encoded, and thi
e block (n-2), basgd on this example of an 8-byte block.

e ninth datasetonly requires the Precursor and its location to be encoded, and thi
e block (n-1),'based on this example of an 8-byte block.

e terminator is encoded in the next byte location of the directory.

mplete encoded directory is shown in Table H.4 and is encoded in blocks (n-2) to k

directory, as

5 is entered at

S is entered at

b is entered in

5 is entered in

his is entered

5 is entered in

5 is entered in

lock n, where

n"is

e vatue of the mighestbtock:

Table H.4 — Complete directory entries

2nd pibble (HEX) of block
x0 [x1 [x2 |x3 |x4 |x5 [x6 |x7

(n-3)x
1stnibble [.2)x[16 [30 [17 [37 |00
(HEX) of

block |mDx[02 [17 [43 [1A |44 [26 |15 [2cC

(m)x |4F |82 |32 |00 |1D (OB |11 |OE
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In this example, all the directory blocks are located at higher block address than the encoded data,
otherwise it is not possible to encode a directory. As block (n-3) has not been used for the directory,
subsequent encoding of data or directory may be placed in this block.

H.5 Decoding the directory and reading the target Object-Identifier

The directory is decoded from the highest block address. The first byte is the Precursor of the first
dataset and the structure to the end of the Object-identifier is self-declaring and is decoded as defined
in D.10.4 and D.10.5. As the location address of the target Precursor is encoded to the length encoding
rules defined in D.3, it too has a self-declaring structure. If the location is below position 128, 1 byte is
required; for locations at addresses up to 16383, two bytes are required; and additional bytes can be
used for any dize of address.

With these stiructuring rules it is possible to parse and decode the directory until the target Pbject-
Identifier and)its location are found.

Using the blogk size, it is possible to identify the block containing the Precursor ofthe target Pbject-
Identifier and|to invoke a selective read transaction across the air interface.
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Annex I
(normative)

Packed-Objects structure

.1 Overview

The P4cked Objects format provides for efficient encoding and access of user data. The'Ppcked Objects
format offers increased encoding efficiency compared to the No-Directory and-Direfctory Access-
Methogds, partly by utilizing sophisticated compaction methods, partly by defining an.inherent directory
structpire at the front of each Packed Object (before any of its data is encoded) that supports random
access|while reducing the fixed overhead of some prior methods, and partlyby utilizing data-system-
specific information (such as the GS1 definitions of fixed-length Application ldentifiers).

.2 OQverview of associated Annexes

The fogrmal description of Packed Objects is presented in thissahnex and in the annexes defined as
follows:

— TRe overall structure of Packed Objects is describedin 1.3.
— TRe individual sections of a Packed Object are described in 1.4 to L.9.

— TRe structure and features of ID tables (utiliZéd by Packed Objects to represent varioys data system
identifiers) are described in Annex J.

— THRHe numerical bases and character.sets used in Packed Objects are described in Anngx K.
— An encoding algorithm and worked example are described in Annex L.
— THhe decoding algorithm for Packed Objects is described in Annex M.

In addjition, note that all.descriptions of specific ID tables for use with Packed Objects gre registered
separdtely, under the_procedures of ISO/IEC 15961-2, as is the complete formal descfiption of the
machine-readable format for registered ID tables.

1.3 High-level Packed-Objects format design

I.3.1 | Overview

The Packed Objects memory format consists of a sequence in memory of one or more Packed Objects
data structures. Each Packed Object may contain either encoded data or directory information, but not
both. The DSFID associated with a particular memory or memory bank indicates the use of Packed
Objects as the memory's Access Method and indicates the registered Data-Format that is the default
format for every Packed Object in that memory. Every Packed Object may be optionally preceded or
followed by padding patterns (if needed for alignment on word or block boundaries). In addition, at most
one Packed Object in memory may optionally be preceded by a pointer to a directory Packed Object (this
pointer may itself be optionally followed by padding). This series of Packed Objects is terminated by
optional padding followed by one or more zero- valued octets aligned on byte boundaries. See Table 1.1,
which shows this sequence when appearing in an RFID tag.

NOTE Because the data structures within an encoded Packed object are bit-aligned rather than byte-aligned,

this annex uses the term "octet" instead of "byte" except in cases where an eight-bit quantity must be aligned on
a byte boundary.
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Table 1.1 — Overall memory structure when using Packed-Objects

DSFID2 |Optional |First Packed- |[Optional |Optional Second Optional |Optional |Zero
Pointer®?  |Object Pointer®?  |Packed- Object Packed- Pointer®  |Octet(s)
And/Or And/Or Object And/Or
Padding Padding Padding

a2 For many tag architectures the DSFID is encoded separately in a predefined area of memory, and not as illustrated
here.

b The optional pointer to a directory Packed Object may appear at most only once in memory.

Every Packed Object represents a sequence of one or more data system Identifiers, each specified by
reference to an entry within a base ID table from a registered data format. The entry is referenced
by its relativg¢ position within the base table; this relative position or base table index is refeired to
throughout tHis specification as an "ID value." There are two different Packed Objects methods avpilable
for representing a sequence of Identifiers by reference to their ID values:

— An D List Packed Object (IDLPO) encodes a series of ID values as a list, whose lengthydepends|on the
number df data items being represented;

— An ID Map Packed Object (IDMPO) instead encodes a fixed-length bit array, whose length d¢pends
on the tofal number of entries defined in the registered base table. Eachbit in the array is "1" if the
corresponding table entry is represented by the Packed Object and is("0" otherwise.

An ID List is the default Packed Objects format, because it uses fewer bits than an ID Map, if the list
contains only|a small percentage of the data system's defined IDalues. However, if the Packed|Object
includes mor¢ than about one-quarter of the defined entries, theh an ID Map requires fewer bits. For
example, if a[data system has sixteen entries, then each ID ‘'value (table index) is a four-bit quantity,
and a list of four ID values takes as many bits as would the.complete ID Map. An ID Map's fixed{length
characteristid makes it especially suitable for use in a directory Packed Object, which lists all| of the
Identifiers in jpll of the Packed Objects in memory (s¢€'1.9). The overall structure of a Packed Object is
the same, whgther an IDLPO or an IDMPO, as shown.in Table 1.2, and as described in the next subsgction.

Table 1.2 — Racked Object structure

(Optional |Object Info section Secondary |Aux format Data section (if
Hormat (IDLPO or IDMPO) ID section |section needed)
Hlags (if needed) (if needed)

Packed Objects may be made-"editable", by adding an optional Addendum subsection to the end of the
Object Info s¢ction, which includes a pointer to an "Addendum Packed Object" where additions and/or
deletions havg been madeéOne or more such "chains” of editable "parent” and "child" Packed ()bjects
may be present withinmthe overall sequence of Packed Objects in memory, but no more than one chain of
directory Packed Objects may be present.

I.3.2 Descriptions of each section of a Packed Object's structure

Each Packed Object consists of several bit-aligned sections (i.e. no pad bits between sections are
used), carried in a variable number of octets. All required and optional Packed Objects formats are
encompassed by the following ordered list of Packed Objects sections. Following this list, each Packed
Objects section is introduced, and later sections of this annex describe each Packed Objects section in
detail.

A Packed Object may optionally begin with the pattern "0000", which is reserved to introduce one or
more format flags, as described in 1.4.3. These flags may indicate use of the non-default ID Map format.
If the format flags are not present, then the Packed Object defaults to the ID List format:

— Certain flag patterns indicate an inter-Object pattern (Directory pointer or padding).

— Other flag patterns indicate the Packed Object's type (Map or List) and may indicated the presence
of an optional Addendum subsection that enables data to be edited.
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All Packed Objects contain an Object Info section that includes Object length information and ID value
Information:

— Objectlength information includes an Object length field (indicating the overall length of the Packed
Object in octets) followed by pad indicator bit, so that the number of significant bits in the Packed
Object can be determined.

— ID value Information indicates which Identifiers are present and in what order, and (if an IDLPO)
also includes a leading NumberOfIDs field, indicating how many ID values are encoded in the ID List.

The Object Info section is encoded in one of the following formats:

—  [DsHDLRO) Object ntoformat Lo ——and .

— Objectlength (EBV-6) plus pad indicator bit,

—|{ Asingle ID List or an ID Lists section (depending on format flags),
— ID|Map (IDMPO) Object Info format (Table 1.5):

— One or more ID Map sections,

—| Objectlength (EBV-6) plus pad indicator bit.

For eitlher of these Object Info formats, an optional Addendum, subsection may be presenf at the end of
the Object Info section.

Table 1.3 — IDLPO Default ID List Object Info structure

Object Info, in a‘Default ID List PO

Objectlength| Numbérof | IDlist | Optional adden-
IDs dum

Table 1.4 — IDLPO Non-default ID List Object Info structure

Object Info, in a Non-default ID List PO

Object ID Lists section (one or |Optional adden-
length more lists) dum

Table 1.5 — IDMPO Object Info structure

Object Info, in an ID Map PO

ID Map section (one or Object Optional ad-
more maps) length dendum

A PacKed@bject may include a secondary ID section, if needed to encode additional bits that are defined
for some classes of IDs (these bits complete the definition of the ID).

A data Packed Object may include an Aux format section, which if present encodes one or more bits that
are defined to support data compression, but do not contribute to defining the ID.

A data Packed Object includes a data section, representing the compressed data associated with each of
the identifiers listed within the Packed Object. This section is omitted in a directory Packed Object, and
in a Packed Object that uses No-directory compaction (see 1.7.2). Depending on the declaration of data
format in the relevant ID table, the data section will contain either or both of two subsections:

— Known-Length Numerics subsection: this subsection compacts and concatenates all the non-empty
data strings that are known a priori to be numeric.

— AlphaNumeric subsection: this subsection concatenates and compacts all the non-empty data
strings that are not a priori known to be all-numeric.
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1.4 Format flags section

1.4.1 Flags

This subclause defines the valid format flags patterns that may appear at the expected start of a Packed
Object to override the default layout if desired. For example, a format flag can change the Packed
Object's format or signal the insertion of padding patterns to align the next Packed Object on a word or
block boundary). The set of defined patterns is shown in Table L.6.

Table 1.6 — Format flags

Bit pattern Deseription Additionallnfe See-Anpex
0000 0000 Termination pattern No more packed objects follow L4.2
00000001 Invalid pattern
0000 0010 Invalid pattern
0000 0011 Invalid pattern
LLLLLL xx First octet of an IDLPO Forany LLLLLL >3 L5
0000 Format flags starting pattern (if the full EBV-6 is non-zero) 14.3
0000 10NA IDLPO with: If N = 1: allows multiple ID tgbles 144

N = 1: non-default Info If A=1: Addendum pointer(syat end of Object

A =1: Addendum present Info section
0000 01xx Inter-Packed Object pattern A directory pointér)or padding L4.5
0000 0100 Signifies a padding byte No padding length indicator follows L4.5
0000 0101 Signifies run-length padding An EBV-8 padding length follows L4.5
0000 0110 RFU L4.5
00000111 Directory pointer Followed by EBV-8 pattern L4.5
0000 11xx ID Map Packed Object 14.3
1.4.2 Datafterminating flag pattern

A pattern of e
Objects are pt1

NOTE Six
indicate an ID |

.4.3 Form

A non-zero EH
The additiona

ght or more "0" bits at the'expected start of a Packed Object denotes that no more |
esent in the remainder.of memory.

buccessive "0" bits'at/the expected start of a Packed Object can (if interpreted as a Packed
List Packed Object.of length zero.

at flags-section starting bit patterns

V-6(with a leading pattern of "0000," is used as a format flags section indicating p

Packed

Object)

httern.
WS:

1.bits following an initial "0000," format flag indicating pattern are defined as follg

— A following two-bit pattern of "10," (creating an initial pattern of "000010,") indicates an IDLPO
with at least one non-default optional feature (see 1.4.4).

— A following two-bit pattern of "11," indicates an IDMPO, which is a Packed Object using an ID
Map format instead of ID List format The ID Map section (see 1.9) immediately follows this two-bit

pattern.

— Afollowing two-bit pattern of "012" signifies an External pattern (Padding pattern or pointer) prior

to the sta

rt of the next Packed Object (see 1.4.5).

Aleading EBV-6 ObjectLength of less than four is invalid as a Packed Objects length.

The shortest possible Packed Object is an IDLPO, for a data system using four bits per ID value, encoding
a single ID value. This Packed Object has a total of 14 fixed bits. Therefore, a two-octet Packed Object
would only contain two data bits and is invalid. A three-octet Packed Object would be able to encode
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a single data item up to three digits long. In order to preserve "3" as an invalid length in this scenario,
the Packed Objects encoder shall encode a leading format flags section (with all options set to zero, if

desired) in order to increase the object length to four.

1.4.4

IDLPO format flags

The presence of the bit pattern "000010," at the expected start of a Packed Object is followed by two
additional bits, to form a complete IDLPO format flag of "000010NA", where:

— Ifthe first additional bit "N" is "0,", then the default IDLPO format is employed for the IDLPO Object
Info section This allows for only a single ID List (utilizing the registration's default base ID table).

1.4.5

The pr
a direq

Afollo
The pq
but if fon-zero, indicates the number of octetsA£fom the start of the pointer to the start
Packei

for a

If
In
m
re

If
Ot

If

hie TIrst additional bit 'N" 1s "I, , then a non-default format 1s employed for the
fo section. The optional non-default IDLPO Object Info format supports a seque
bre ID Lists, and each such list begins with identifying information as to which.regi
presents (see 1.5.2).

the second additional bit "A" is "1,", then an Addendum subsection {s;present at {
ject Info section (see .5.7).

the second additional bit "A" is "0,", then no Addendum subsectién is present.

Patterns for use between Packed Objects

esence of "000001," at the expected start of a Packed Object is used to indicate eith
tory pointer, as follows:

wing two-bit pattern of "11," indicates that a directory Packed Object pointer follow
inter is one or more octets in length, in EBV~8 format. This pointer may be Null (a

2, and
direct
positid
and (if
pointe
ofanl

A
se
ba

A
inf
to

Object (which if editable, shall be the first in its "chain"). For example, if the for
irectory pointer is encoded at bytecoffset 1, the pointer itself occupies bytes begir
the directory starts at byte offset'9, then the Dir Ptr encodes the value "7" in EB

n where a Packed Object nidy begin, but may only appear once in a given data ca
non-null) must be at alewer address than the directory it points to. The first o
I may be padding (as defined immediately below), a new set of format flag pattern
D List Packed Object:

following two-it,pattern of "00," indicates that the full eight-bit pattern of "00000
ves as a padding byte, so that the next Packed Object may begin on a desired ¥
undary. This'pattern may repeat as necessary to achieve the desired alignment.

IDLPO Object
nce of one or
Stered table it

he end of the

er padding or

s the pattern.
yalue of zero),
pof a directory
mat flag byte
ning at offset
V-8 format. A

ry Packed Object pointer may @ppear before the first Packed Object in memory, ofr at any other

'rier memory,
ctet after this
s, or the start

100," pattern
vord or block

followrntg two-bit pattern of "01," indicates as a run-length padding indicator,

and shall be

mediately followed by an EBV-8 indicating the number of octets from the start oft!e EBV-8 itself

the’start of the next Packed Object (for example, if the next Packed Object followd immediately,

the EBV-8 has a value of one). This mechanism eliminates the need to write many words of memory

to

pad out a large memory block.

— A following two-bit pattern of "10," is Reserved.

I.5 Object Info section

I.5.1 General

Each Packed Object's Object Info section contains both length information (the size of the Packed
Object, in bits and in octets), and ID values information. A Packed Object encodes representations of
one or more data system Identifiers and (if a data Packed Object) also encodes their associated data
elements [Application Identifier (Al) strings, Data Identifier (DI) strings]. The ID values information
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encodes a complete listing of all the Identifiers (e.g. Als, DIs) encoded in the Packed Object, or (in a
directory Packed Object) all the Identifiers encoded anywhere in memory.

To conserve encoded and transmitted bits, data system Identifiers (each typically represented in data
systems by either two, three, or four ISO/IEC 646 characters) is represented within a Packed Object by
an ID value, representing an index denoting an entry in a registered base table of ID values. A single ID
value may represent a single Object Identifier or may represent a commonly used sequence of Object
Identifiers. In some cases, the ID value represents a "class" of related Object Identifiers, or an Object
Identifier sequence in which one or more Object Identifiers are optionally encoded; in these cases,
secondary ID bits (see 1.6) are encoded in order to specify which selection or option was chosen when
the Packed Object was encoded. A "fully-qualified ID value" (FQIDV) is an ID value, plus a particular
choice of associated secondary ID bits (if any are invoked by the ID value's table entry). Only one
instance of a particular fully-qualified ID value may appear in a data carrier's data Packed Objedts, but
a particular ID value may appear more than once, if each time it is "qualified" by different secéndary ID
bits. If an ID Yalue does appear more than once, all occurrences shall be in a single Packed Object (or
within a single "chain" of a Packed Object plus its Addenda).

There are tw
list of ID valugé
Object's form
that of an ID
the default bg
the ID sectior
supports mul

Although the
1.5.2), the Obj
and ID values
IDLPO oranl

5.2 Obje

I.5.2.1 IDL

The default II
section, or w
Object Info s¢
by an Addend
Info section is

pm subsection if so,indicated by the format flags). The format of the default IDLPO

methods defined for encoding ID values: an ID List Packed Object us€s a variable-
bit fields, whereas an ID Map Packed Object uses a fixed-length bit array. Unless a |

List Packed Object (IDLPO), containing a single ID List, whese 1D values corresp
se ID table of the registered data format. Optional formatflags can change the for
to either an IDMPO format, or to an IDLPO format encoding an ID Lists section
iple ID tables, including non-default data systems).

prdering of information within the Object Info section varies with the chosen form
bct Info section of every Packed Object shall provide length information as defined i
information (see 1.5.4) as defined in L.5.5 %9©1.5.6. The Object Info section (of eif]
DMPO) may conclude with an optional Addendum subsection (see 1.5.7).

't Info formats

PO default Object Info format

LPO Object Info format isstSed for a Packed Object either without a leading forme
th a format flags section indicating an IDLPO with a possible addendum and a
ction. The default IDLPO Object Info section contains a single ID List (optionally fo

shown in Tablé 7.

Table 1.7 — Default IDLPO Object Info format

length
Packed

ht is modified by an initial format flags pattern, the Packed @bject's format defaults to

ond to
mat of
[(which

at (see
h1.5.3,
her an

t flags
Hefault

llowed

Object

Field name: | |Length information NumberOfIDs ID listing Addendum suybsec-
tion
Usage: Themumberof octets T thisTNumber of 1D vat-TAsingte tistof TDvatues; TOptiomat poimter(s) to
Object, plusalast- octet pad|ues in this Object|value size depends on reg- | other Objects contain-
indicator (minus one) istered data format ing edit information
Structure: Variable: see .5.3 Variable: EBV-3 See L.5.5 See.5.7.2

In an IDLPO's Object Info section, the NumberOfIDs field is an EBV-3 Extensible bit Vector, consisting of
one or more repetitions of an Extension bit followed by 2 value bits. This EBV-3 encodes one less than
the number of ID values on the associated ID Listing. For example, an EBV-3 of "101, 000," indicates (4
+ 0 +1) = 5 IDs values. The length information is as described in 1.5.3 for all Packed Objects. The next
fields are an ID Listing (see 1.5.5) and an optional Addendum subsection (see 1.5.7).
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Leading format flags may modify the Object Info structure of an IDLPO, so that it may contain more
than one ID Listing, in an ID Lists section (which also allows non-default ID tables to be employed). The
non-default IDLPO Object Info structure is shown in Table 1.8.

Table 1.8 — Non-Default IDLPO Object Info format

Fieldname: Length ID Lists section, firstlist Optional ID | Null App indi- |[Addendum
info Application|Number of|ID listing ll_st sec- cator (51_ngle subsection

indicator IDs tion(s) zero bit)

Usage FhemmrrimdicatesthetiNumber—ofttts Liug of 1B Rl:pl:dtcd liata, Zeroormorerer O p tional
ber of|selected ID|IDvalueson|values, then|each for a dif-|peated lists, each{ pointer(s) to
octets in|table and the|the list one F/Rusebit|ferent ID table | for a differént1D|| other Objects
this Ob-|size of each table, followed by containing
ject,plusa|entry anullapplication| edit informa-
last-octet indicator (single | tion
pad zero bit)
indicator

Structure: |See .5.3 [See.5.4.2 See.5.2.1 |See L5.5 and|Referenges'in|See 1.5.4.2 See [.5.7

1.5.4.3 previous col-
unmns

1.5.2.3] IDMPO Object Info format

Leadirlg format flags may define the Object Info.structure to be an IDMPO in whi¢h the length

infornjation (and optional Addendum subsection) follow an ID Map section (see 1.5.6). Thid arrangement

ensurgs that the ID Map is in a fixed location for a@given application, of benefit when used gs a directory.

The IDMPO Object Info structure is shown in Table 1.9.

Table 1.9.>— IDMPO Object Info format

Field pame: ID Map section Length information Addenduni

Usage One or more ID\Map struc-|The number of octets in this|Optional pointer(s) fo other Objects
tures, each using a different|Object, plus a last- octet pad|containing Edit information
ID table indicator

Structure: See 1.9.2 See .5.3 See .L5.7

I.5.3 | Length information

The fofmat of.the length information, always present in the Object Info section of any Pagked Object, is

shown| in Table 1.10.

Iaple 1.1U — Facked Upject iengtii Iniormation

Field name: ObjectLength Pad indicator
Usage: The number of 8-bit bytes in this Object. This in- [If"1", then Object'slast
cludes the 1st byte of this Packed Object, including |byte contains at least
its IDLPO/IDMPO format flags if present. It excludes | 1 pad bit
patterns for use between packed objects, as spec-
ified in [.4.5.
Structure: Variable: EBV-6 Fixed: 1 bit

The first field, ObjectLength, is an EBV-6 Extensible bit Vector, consisting of one or more repetitions
of an Extension bit and 5 value bits. An EBV-6 of "000100," (value of 4) indicates a four-byte Packed
Object. An EBV-6 of "100001, 000000," (value of 32) indicates a 32-byte Object, etc.
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The pad indicator bitimmediately follows the end of the EBV-6 ObjectLength. This bitis setto "0" if there
are no padding bits in the last byte of the Packed Object. If set to "1,", then bitwise padding begins with
the least- significant or rightmost "1," bit of the last byte, and the padding consists of this rightmost
"1," bit, plus any "0" bits to the right of that bit. This method effectively uses a single bit to indicate a
three-bit quantity (i.e. the number of trailing pad bits). When a receiving system wants to determine the
total number of bits (rather than bytes) in a Packed Object, it would examine the ObjectLength field of
the Packed Object (to determine the number of bytes) and multiply the result by eight, and (if the pad
indicator bit is set) examine the last byte of the Packed Object and decrement the bit count by (1 plus
the number of "0" bits following the rightmost "1" bit of that final byte).

I.5.4 General description of ID values

1.5.4.1 Base table

A registered

registered ID
represented |
entry, and va
when interpr
Object, its as
table position|

A base table
encode a tabl

lata format defines (at a minimum) a primary base ID table (a detailed specificat
tables can be found in Annex J). This base table defines the data sySterh Ident
y each row of the table, any secondary ID bits or Aux format bits iny¥oked by eac
Fious implicit rules (taken from a predefined rule set) that decoding systems sh
pting data encoded according to each entry. When a data item\is encoded in a |
ociated table entry is identified by the entry's relative position in the base tabl
or index is the ID value that is represented in Packed Objects.

Containing a given number of entries inherently specifies the number of bits nee

on for
fier(s)
n table
nll use
Packed
b, This

ded to

e index (i.e. an ID value) in an ID List Packed Object (as the Log (base 2) of the

mber

of entries). Si
their number
future extens
the need to u

1ce current and future data system ID tables will\vary in unpredictable ways in tgrms of
b of table entries, there is a need to pre-define.an(ID value size mechanism that allgws for

predefined si
reserved, as

the fourth co
bits specified

umn. If there is a trailing single ID value for this ID table, it is encoded in the nu
in the third column:of Table 1.11.

Table 1.11 — Defined ID value sizes

ID size bit|Maximwmpumberof| Number ofbits per single or trailing| Number of bits per pair of ID
pattern table entries ID value, and how encoded values, and how encoded|

000 Upto-16 4, as 1 base 16 value 8, as 2 base 16 values

001 Ipito 22 5-as1base22 value 9 _as2 base 22 values

010 Up to 32 5,as 1 base 32 value 10, as 2 base 32 values

011 Up to 45 6, as 1 base 45 value 11, as 2 base 45 values

100 Up to 64 6, as 1 base 64 value 12, as 2 base 64 values

101 Up to 90 7,as 1 base 90 value 13, as 2 base 90 values

110 Up to 128 7,as 1 base 128 value 14, as 2 base 128 values

1110 Up to 256 8, as 1 base 256 value 16, as 2 base 256 values

111100 Up to 512 9,as 1 base 512 value 18, as 2 base 512 values

111101 Up to 1024 10, as 1 base 1024 value 20, as 2 base 1024 values

111110 Up to 2048 11, as 1 base 2048 value 22, as 2 base 2048 values

111111 Up to 4096 12, as 1 base 4096 value 24, as 2 base 4096 values
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Application indicator subsection

An application indicator subsection can be utilised to indicate use of ID values from a default or non-
default ID table. This subsection is required in every IDMPO but is only required in an IDLPO that uses
the non-default format supporting multiple ID Lists.

An application indicator consists of the following components:

A single ApplIndicatorPresent bit, which if "0" means that no additional ID List or Map follows. Note

that this bit is always omitted for the first List or Map in an Object Info section. When this bit is

pr
A

esent and "0", then none of the following bit fields are encoded.

adicatac 1o of S Ih +n1\ln Fwnm A raglickratiog o
Ht \Szacvs T eEI5tatioht

ther than the

m
re

fie
to
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DIMD Size pattern which denotes a table size (and therefore an ID Map bitlength, wh
|

cingla E‘vi—nunnang hi H Hn—ﬂ- F "1 "
)

PTIT S TC X tC T IIar s eHeatesHse

emory's default. If "1", this b1t is immediately followed by a 9-bit representation‘of
pistered under ISO/IEC 15961.

PO), which shall be one of the patterns defined by Table 1.11. The tablé.$iZe indicat
mpist be less than or equal to the table size indicated in the selected ID-table. The p
1d is so that the decoder can parse past the ID List or ID Map, evéniif the ID table is
the decoder.

three-bit ID Subset pattern. The registered data format's”primary base ID table,

a data format

en used in an
bd in this field
irpose of this
not available

f used by the

1.5.4.3

When
applic
Packed Object but in exchange results’in a format that can be fully decoded by receivin
in pos

current Packed Object, shall always be indicated by an enceded ID Subset pattern of "00". However,
up] to seven alternate base tables may also be defined ih'the registration (with varying ID sizes),
arld a choice from among these can be indicated by the encoded Subset pattern. Thjs feature can
bg useful to define smaller sector-specific or appliCation-specific subsets of a full daty system, thus
supstantially reducing the size of the encoded ID-Map.

Full/Restricted use bits

contemplating the use of new ID table registrations, or registrations for external |[data systems,
ition designers may utilise a "restricted use" encoding option that adds some ¢verhead to a
b systems not
Hefault Object
bsented in the

bession of the new or external ID table. With the exception of an IDLPO using the

ID Map section or ID Lists section of a data or directory Packed Object. In a directory FPacked object,

Info f0£mat, one full/restricteduse bit is encoded immediately after each ID table is repr

this bif shall always be setito "0" and its value ignored. If an encoder wishes to utilise t
use" o
Object

Ifa"Fu
ID tab
this si
Packe(

Specifically, a full/restrlcted use b1t set to "12" lndlcates that
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he "restricted
ption in an IDLPQ, it'shall preface the IDLPO with a format flags section invoking tlie non-default
Info format.

11/Restricted use” bitis "0," then the encoding of data strings from the correspond
e makes_full use of the ID table's IDstring and FormatString information. If the b
bnifiesithat some encoding overhead was added to the secondary ID section and
-Ob]ect compactlon) the Aux format section, so that a decoder without access to

ng registered
tis "1," then
in the case of
the table can

cified in ].5.2.

for each encoded ID value, the encoder added an EBV-3 indicator to the secondary ID section, to
indicate how many secondary ID bits were invoked by that ID value. If the EBV-3 is nonzero, then the
secondary ID bits (as indicated by the table entry) immediately follow, followed in turn by another
EBV-3, until the entire list of ID values has been represented.

the encoder did not take advantage of the information from the referenced table's FormatString
column. Instead, corresponding to each ID value, the encoder inserted an EBV-3 into the Aux format
section, indicating the number of discrete data string lengths invoked by the ID value (which could
be more than one due to combinations and/or optional components), followed by the indicated
number of string lengths, each length encoded as though there were no FormatString in the ID table.
All data items were encoded in the A/N subsection of the data section.
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I.5.5 ID values representation, in an ID List Packed Object

Each ID value is represented within an IDLPO on a list of bit fields; the number of bit fields on the list is
determined from the NumberOfIDs field (see Table 1.7). Each ID value bit field's length is in the range
of four to eleven bits, depending on the size of the base table index it represents. In the optional non-
default format for an IDLPO's Object Info section, a single Packed Object may contain multiple ID List
subsections, each referencing a different ID table. In this non-default format, each ID List subsection
consists of an application indicator subsection (which terminates the ID Lists, if it begins with a "0" bit),
followed by an EBV-3 NumberOfIDs, an ID List, and a full/restricted use flag.

1.5.6 ID values representation, in an ID Map Packed Object

Encoding an [D Map can be more efficient than encoding a list of ID values, when representing a
relatively large number of ID values (constituting more than about 10 percent of a large base table's
entries, or abput 25 % of a small base table's entries). When encoded in an ID Map, each 1D vplue is
represented by its relative position within the map (for example, the first ID Map bit represgnts ID
value "0", the|third bit represents ID value "2", and the last bit represents ID value ‘i"*(corresppnding
to the last enfry of a base table with (n+1) entries). The value of each bit within.an ID Map indlicates
whether the qorresponding ID value is present (if the bit is "1,") or absent (if "05"). An ID Map is flways
encoded as pdrt of an ID Map section structure (see 1.9.2).

I.5.7 Optignal Addendum subsection of the Object Info sectiéon

1.5.7.1 Definition bits

The Packed Opject Addendum feature supports basic editing operations, specifically the ability fo add,
delete, or replace individual data items in a previously written Packed Object, without a need to rewrite
the entire Pagked Object. A Packed Object that does net contain an Addendum subsection cannot be
edited in this|fashion and must be completely rewrittén if changes are required.

An Addendum subsection consists of a Reverse (uihks bit, followed by a Child bit, followed by|either
one or two EBV-6 links. Links from a data Packed Object shall only go to other data Packed ()bjects
as addenda; ljnks from a directory Packed«Qbject shall only go to other directory Packed Objgcts as
addenda. The|standard Packed Object structure rules apply, with some restrictions that are deqcribed
in .5.7.3.

The Reverse Links bit shall be setiidentically in every Packed Object of the same "chain." The Reverse
Links bit is ddfined as follows:

— Ifthe Revlerse Links hitis "0,", then each child in this chain of Packed Objects is at a higher memory
location then its parent. The link to a Child is encoded as the number of octets (plus one) that are in
between fhe last Octet of the current Packed Object and the first octet of the Child. The linK to the
parent is pncoded as the number of octets (plus one) that are in between the first octet of the parent
Packed Opjectand the first octet of the current Packed Object.

— If the Reverse Links bit is "1,", then each child in this chain of Packed Objects is at a lower memory
location than its parent. The link to a Child is encoded as the number of octets (plus one) that are in
between the first octet of the current Packed Object and the first octet of the Child. The link to the
parentis encoded as the number of octets (plus one) that are in between the last octet of the current
Packed Object and the first octet of the parent.

The Child bit is defined as follows:

— Ifthe Child bitis a "0", then this Packed Object is an editable "Parentless" Packed Object (i.e. the first
of a chain), and in this case the Child bit is immediately followed by a single EBV-6 link to the first
"child" Packed Object that contains editing addenda for the parent.

— Ifthe Child bitis a "1", then this Packed Object is an editable "child" of an edited "parent,"” and the bit
is immediately followed by one EBV-6 link to the "parent" and a second EBV-6 line to the next "child"
Packed Object that contains editing addenda for the parent.

152 © ISO/IEC 2022 - All rights reserved


https://iecnorm.com/api/?name=55227d2aa48f869336e1dcdf2910b55e

ISO/IEC 15962:2022(E)

A link value of zero is a Null pointer (no child exists), and in a Packed Object whose Child bit is "0", this
indicates that the Packed Object is editable, but has not yet been edited. A link to the Parent is provided,
so that a directory may indicate the presence and location of an ID value in an Addendum Packed Object,
while still providing an interrogator with the ability to efficiently locate the other ID values that are
logically associated with the original "parent” Packed Object. A link value of zero is invalid as a pointer
towards a Parent.

In order to allow room for a sufficiently-large link, when the future location of the next "child" is
unknown at the time the parent is encoded, it is permissible to use the "redundant” form of the EBV-6
(for example using "100000, 000000," to represent a link value of zero).

1.5.7.2

In an IPLPO only, each Addendum section of a "child" ID List Packed Object contains a'set ¢f "EditingOp"
bits efcoded immediately after its last EBV-6 link. The number of such bits ‘s, det¢grmined from

the number of entries on the Addendum Packed Object's ID list. For each IP' yalue on
corresponding EditingOp bit or bits are defined as follows:

NOTE

this list, the

"1p" means that the corresponding Fully-Qualified ID value (EQIDV) is Replacgd. A Replace
ogleration has the effect that the data originally associated with the FQIDV matching the FQIDV in
thjs Addendum Packed Object shall be ignored, and logically replaced by the Aux format bits and
dgta encoded in this Addendum Packed Object).

"00," means that the corresponding FQIDV is Deleted butmot replaced. In this case, neither the Aux
format bits nor the data associated with this ID valueiate encoded in the Addendum Racked Object.

"OfL," means that the corresponding FQIDV is Added (either this FQIDV was not previqusly encoded,
or|it was previously deleted without replacement). In this case, the associated Aux fqrmat bits and
ddta shall be encoded in the Addendum Packed Object.

If an application requests several ‘edit" operations at once (including some Delg¢te or Replace

operatjons as well as Adds) then implementations can achieve more efficient encoding if the fAdds share the

Addendum overhead, rather than being implemented in a new Packed Object.

1.5.7.3

A PacKed Object containing an'’Addendum subsection is otherwise identical in structure ta
Objects. However, the following observations apply:

Packed Objects containing an Addendum subsection

other Packed

A |'parentless” Pdcked Object (the first in a chain) may be either an ID List Packed Opject or an ID

Map Packed Qbject (and a parentless IDMPO may be either a data or directory ID

n

P
M

to

arentless“ PO is a directory, only directory IDMPOs may be used as addenda. A dire
hp bitsshall be updated to correctly reflect the end state of the chain of additions
thememory bank; an Addendum to the directory is not utilized to perform this mj

PO). When a
tory IDMPO's
and deletions
aintenance (a
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dife€tory addendum may only add new structural components, as described later in this section).
Hs-anHb-Hist Packed-Objeetortb-MapPacked Object,
its ID List or ID Map cannot be updated to reflect the end state of the aggregate Object (parents plus
children).

In cantract

aaabhan thao aditad o nntlace Alia
CUTICTIaJt,; T

wWIICTT CoC CUTCC O PaT CIITIC 5SS U oJC Tt rTo ol 1D OIiot T acKCOroojeTTUOT o

Although a "child" may be either an ID List or an ID Map Packed Object, only an IDLPO can indicate
deletions or changes to the current set of fully-qualified ID values and associated data that is
embodied in the chain.

When a child isan IDMPO, it shall only be utilized to add (not delete or modify) structural information
and shall not be used to modify existing information. In a directory chain, a child IDMPO may add
new ID tables, or may add a new AuxMap section or subsections, or may extend an existing PO Index
table or ObjectOffsets list. In a data chain, an IDMPO shall not be used as an Addendum, except to
add new ID tables.
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— When a child is an IDLPO, its ID list (followed by "EditingOp" bits) lists only those FQIDVs that have
been deleted, added, or replaced, relative to the cumulative ID list from the prior Objects linked to
it.

1.6 Secondary ID bits section

The Packed Objects design requirements include a requirement that all of the data system Identifiers
(e.g. Al'"s, DI"s) encoded in a Packed Object can be fully recognised without expanding the compressed
data, even though some ID values provide only a partially-qualified Identifier. As a result, if any of the
ID values invoke secondary ID bits, the Object Info section shall be followed by a secondary ID bits
section. Examples include a four-bit field to identify the third digit of a group of related Logistics Als.

Secondary ID
a single ID t{
one encoded
of required a
available mec|

bits can be invoked for several reasons, as needed to fully specify Identifiers. Forjex
ible entry's ID value may specify a choice between two similar identifiexs(fed

hd optional identifiers (requiring one encoded bit to enable or disable-gach optios
hanisms are described in AnnexJ. All resulting secondary ID bit fieldsiare concaten

ample,
uiring

bit to select one of the two IDs at the time of encoding), or may specifyya.combination

1). The
hted in

within
Packed

this secondar
the Packed O
Object is an II

y ID bits section, in the same order as the ID values that invoked them were listed
bject. Note that the secondary ID bits section is identically defined, whether the |
LPO or an IDMPO but is not present in a directory IDMPO.

I.7 Aux format section

I.7.1 Definlition bits
The Aux form
A directory P
format sectio

qt section of a data Packed Object encodes auxiliary information for the decoding p
acked Object does not contain an Aux format section. In a data Packed Object, t}
h begins with "Compact-Parameter” bits‘as defined in Table 1.12.

focess.
ne Aux

Table .12 — Compact-Parameter bit patterns

Bit pattern
e

"000"

"001"

"010"
"011bbbb"

Compaction method used in this Packed Object fe

"Packed-Object" compactioh

"Application-Defined", as-defined for the No-Directory access method

"Compact”, as defined\for the No-Directory access method

"UTF-8", as defined for the No-Directory access method
("bbbb" shalltbe in the range of 4 to 14): reserved for future definition

ded as
1.7.2.

t-Parameter bit pattern is "1", then the remainder of the Aux format section is encg
7.3, Otherwise, the remainder of the Aux format section is encoded as described in

If the Compac
described in I

for No-Di : hod

If any of the No-Directory compaction methods were selected by the Compact-Parameter bits, then the
Compact-Parameter bits are followed by a byte-alignment padding pattern consisting of zero or more
"0" bits followed by a single "1" bit, so that the next bit after the "1" is aligned as the most-significant bit
of the next byte.

1.7.2  Supp

This next byte is defined as the first octet of a "No-Directory data section”, which is used in place of the
data section described in 1.8. The data strings of this Packed Object are encoded in the order indicated
by the Object Info section of the Packed Object, compacted exactly as described in Annex D (Encoding
rules for No- Directory Access-Method), with the following two exceptions:

— The Object-Identifier is not encoded in the "No-Directory data section", because it has already been
encoded into the Object Info and secondary ID sections.
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— The Precursor is modified in that only the three Compaction Type Code bits are significant, and the

other bits in the Precursor are set to "0".

Therefore, each of the data strings invoked by the ID table entry are separately encoded
dataset structure as:

<modified precursor> <length of compacted object> <compacted object octets>

in a modified

The <compacted object octets> are determined and encoded as described in D.2.2 and D.2.3. and the

<length of compacted object> is determined and encoded as described in D.3.

Following the last dataset, a terminating precursor value of zero shall not be encoded
systemrecoaniscesthe cndofthe datausing the cpcoded Objectlength of the Packed Obyj

(the decoding
t).

1.7.3 | Support for the Packed-Object compaction method

If the
ct-Parameter bits are followed by zero or more Aux format bits, asrmay be invo
ntries used in this Packed Object. The Aux format bits are then immediately follo
that uses the Packed-Object compaction method described in L8.

data strings allowed for the data‘\item, as follows:

maximum length is specified; and the specified range (defined as the maximum
minimum length) is less:than eight, or greater than 44, then lengths in this range §
fewest number of bits{that can express lengths within that range, and an encodec
resents the minimum length specified in the format string. For example, if the ran
as|[ from three to six.c¢haracters, then lengths are encoded using two bits, and "00’
length of three.

minimum}is'encoded in a variable number of bits, as follows:

Vdlues from 0 to 14 (representing lengths from 1 to 15, if the specified minimunmn
character, for example) are encoded in four bits

Packed-Object compaction method was selected by the Compact-Parameter bits, then the

ked by the ID
ved by a data

d can call for

bit fields are
e Aux format

xed-length in
ast data item
ng system to
length entry
shortest and

length minus
re encoded in
value of zero
be is specified
represents a

Otherwise (including the case of an unspecified maximum length), the value (actual length-specified

length is one

values from 15 ("0000") to 29 ("1110")

representing values from 30 ("0000") to 44 ("1110")

indication of (value - 44).

NOTE 1 If a range is specified with identical upper and lower bounds (i.e. a range
treated as a fixed length, not a variable length, and no Aux format bits are invoked.

NOTE 2
as a default lower bound of one, and/or an unlimited upper bound.
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Values from 15 to 29 are encoded in eightbits (a prefixof"1111" followed by four bits representing

Values from 30 to 44 are encoded in twelve bits (a prefix of "1111 1111" followed by four bits

Values greater than 44 are encoded as a twelve-bit prefix of all "1"s, followed by an EBV-6

of zero), this is

If a range is unspecified, or has unspecified upper or lower bounds, then this is treated
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1.8 Data section

I.8.1 Structure

A data section is always present in a Packed Object, except in the case of a directory Packed Object
or directory Addendum Packed Object (which encode no data elements), the case of a data Addendum
Packed Object containing only Delete operations, and the case of a Packed Object that uses No-directory
compaction (see 1.7.2). When a data section is present, it follows the Object Info section (and the
secondary ID and Aux format sections, if present). Depending on the characteristics of the encoded IDs
and data strings, the data section may include one or both of two subsections in the following order:
a Known-Length Numerics subsection, and an AlphaNumerics subsection. The following paragraphs
provide detai ipH e he i i ke eett of the
data section 3 el.13.

re utilised in a Packed Object, then the layout of the data section is as shown in Tab

Table 1.13 — Maximum structure of a Packed Objects data section

Known-Length Numeric AlphaNumeric subsection
supsection A/N header bits Binary data segments
1st KLN |2nd[KLN|... |Last Non-  |Prefix |Suffix Char |Ext'd. Ext'd base 10 |Ndn-
Bi Bi KLN Num |bit, bit, Map |Num Non- Bi Nym
tnary mnary Bi base Prefix  |Suffix Binapy \{Num nary - \pj hary
nary Bit(s) |Run(s) [Run(s) Binary

1.8.2 Known-length-Numerics subsection of the data section

For always-nymeric data strings, the ID table may indicatera fixed number of digits (this fixed{length
information i$ not encoded in the Packed Object) and/or @wariable number of digits (in which case the
string's length was encoded in the Aux format section, @s described above). When a single data jtem is

specified in t
by a variable-|
subsection an|

The summati
information (
of the always
a Packed Obje
into a single

Table K.1 sho
string contair
next group of
Object are the

he FormatString column (see ].3.4) as ¢ontaining a fixed-length numeric string fo
ength alphanumeric string, the numeéric string is encoded in the Known-length-nu
d the alphanumeric string in the alphanumeric subsection.

bn of fixed-length information-(derived directly from the ID table) plus variable-
Herived from encoded bits@s just described) results in a "known-length entry" fq
-numeric strings encodédin the current Packed Object. Each all-numeric data st
ct (if described as all:numeric in the ID table) is encoded by converting the digit|
binary number (up:to 160 bits, representing a binary value between 0 and (104
ws the number-of-bits required to represent a given number of digits. If an all-n
s more than 48-digits, then the first 48 are encoded as one 160-bit group, followed
up to 48 digits, and so on. Finally, the binary values for each all-numeric data string
mselvesconcatenated to form the Known-length-Numerics subsection.

llowed

merics

length
r each
Fing in
string
8 -1).
i meric
by the
in the

1.8.3 Alpthumeric subsection of the data section

1.8.3.1 General

The Alphanumeric (A/N) subsection, if present, encodes all the Packed Object's data from any
data strings that were not already encoded in the Known-length Numerics subsection. If there are
no alphanumeric characters to encode, the entire A/N subsection is omitted. The Alphanumeric
subsection can encode any mix of digits and non-digit ISO/IEC 646 characters, or eight-bit data. The
digit characters within this data are encoded separately, at an average efficiency of 4.322 bits per digit
or better, depending on the character sequence. The non-digit characters are independently encoded at
an average efficiency that varies between 5.91 bits per character or better (all uppercase letters), to a
worst-case limit of 9 bits per character (if the character mix requires base 256 encoding of non-numeric
characters).
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An Alphanumeric subsection consists of a series of A/N header bits (see 1.8.3.2), followed by from one to
four binary segments (each segment representing data encoded in a single numerical base, such as base
10 or base 30, see 1.8.3.5), padded if necessary to complete the final byte (see 1.8.3.6).

1.8.3.2

A/N header bits

The A/N header bits are defined as follows:

One or two Non-Numeric base bits, as follows:

"0," indicates that base 30 was chosen for the non-numeric base;

Ei
on

Ei
orn

A
ch

1.8.3.3

Comp3
encodg
charad
format
non-ny
lowerd
fully d
ofane
relativ
selectq

Next,

a vari
(encod
Note t
letters

data charagter'is represented by a pair of "1," bits in the character map.

105 ndicates tirat base 74 was choser for the Ton-MuIeric base;
"11," indicates that base 256 was chosen for the non-numeric base;

ther a single "0," bit (indicating that no Character Map Prefix is encoded);ora "1," I
e or more "Runs” of six Prefix bits as defined in 1.8.3.4.

ther a single "0," bit (indicating that no Character Map Suffix is encoded), ora "1," I
e or more "Runs" of six Suffix bits as defined in 1.8.3.4.

ariable-length "Character Map" bit pattern (see 1.8.3.3), representing the base of eg
aracters, if any, that were not accounted for by a Prefix orSuffix.

Dual-base Character-map encoding

ction of the ordered list of alphanumeric data’strings (excluding those data st
bd in the Known-Length Numerics subsettion) is achieved by first concatena

section). Each of the data characters i$\classified as either base 10 (for numeric d
Imerics (primarily uppercase A-Z), base 74 non-numerics (which includes both u
ase alphas, and other ISO/IEC 646 characters), or base 256 characters. These char
pfined in Annex K. All character$)from the base 74 set are also accessible from base
xtra "shift” value (as are most of the lower 128 characters in the base 256 set). Dep
e percentage of "native" base 30 values vs. other values in the data string, one of
d as the more efficient ehoice for a non-numeric base.

he precise sequenge of numeric and non-numeric characters is recorded and e

ing a digit) andeach "1," represents a value for a non-numeric character (in the g
hat, if (for‘example) base 30 encoding was selected, each data character (other th
and thé space character) shall be represented by a pair of base 30 values, and t

it followed by

it followed by

ch of the data

rings already
fing the data

ters into a single data string (the individualstring lengths have already been recorgled in the Aux

gits), base 30
ppercase and
acter sets are
30 via the use
ending on the
those bases is

hcoded, using

hble-length bit/pattern, called a "character map,"” where each "0" represents a base 10 value

elected base).
an uppercase
hus each such

1.8.3.4

Drafix and SIIFF;V RPun.l anath n“t‘er‘;nn

e T I T CITL CIT- 1t

For improved efficiency in cases where the concatenated sequence includes runs of six or more values
from the same base, provision is made for optional run-length representations of one or more Prefix or
Suffix "Runs" (single-base character sequences), which can replace the first and/or last portions of the
character map. The encoder shall not create a Run that separates a Shift value from its next (shifted)
value, and thus a Run always represents an integral number of source characters.

An optional Prefix Representation, if present, consists of one or more occurrences of a Prefix Run. Each
Prefix Run consists of one Run Position bit, followed by two Basis bits, then followed by three Run
Length bits, defined as follows:

— The Run Position bit, if "0,", indicates that at least one more Prefix Run is encoded following this one
(representing another set of source-characters to the right of the current set). The Run Position bit,
if"1," indicates that the current Prefix Run is the last (rightmost) Prefix Run of the A/N subsection.
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— The first basis bit indicates a choice of numeric vs. non-numeric base, and the second basis bit, if
"1," indicates that the chosen base is extended to include characters from the "opposite" base. Thus,
"00," indicates a run-length-encoded sequence of base 10 values; "01," indicates a sequence that
is primarily (but not entirely) digits, encoded in base 13; "10," indicates a sequence a sequence of
values from the non-numeric base that was selected earlier in the A/N header, and "11," indicates a
sequence of values primarily from that non-numeric base, but extended to include digit characters
as well. Note an exception: if the non-numeric base that was selected in the A/N header is base 256,
then the "extended" version is defined to be base 40.

— The 3-bit Run Length value assumes a minimum useable run of six same-base characters, and the
length value is further divided by 2. Thus, the possible 3-bit Run Length values of 0, 1, 2, ... 7 indicate
a Run of 6, 8, 10, ... 20 characters from the same base. Note that a trailing "odd" character value at
the end of a same-base sequence must be represented by adding a bit to the Character Map:

An optional Suffix Representation, if present, is a series of one or more Suffix Runs, each‘identical in
format to the Prefix Run just described. Consistent with that description, note that the RunPosit|on bit,
if "1", indicatgs that the current Suffix Run is the last (rightmost) Suffix Run of the A/N-subsecti¢n, and
thus any precpding Suffix Runs represented source characters to the left of this finahSuffix Run.

1.8.3.5 Encpding into binary segments

Immediately pfter the last bit of the Character Map, up to four binarynumbers are encoded, each
representing [all of the characters that were encoded in a single base system. First, a base|13-bit
sequence is epcoded (if one or more Prefix or Suffix Runs called for\base 13 encoding). If present, this
bit sequence dlirectly represents the binary number resulting froth encoding the combined sequénce of
all Prefix and [Suffix characters (in that order) classified as base’13 (ignoring any intervening charyacters
not thus clasgified) as a single value, or in other words, applying a base 13 to binary conversidn. The
number of bifs to encode in this sequence is directly determined from the number of base 13 |values
being represented, as called for by the sum of the Prefix‘and Suffix Run lengths for base 13 sequences.
The number ¢f bits, for a given number of base 13 values, is determined from the Table K.1. Npxt, an
Extended-NofjNumeric base segment (either basg;40 or base 84) is similarly encoded (if any Prefix or
Suffix Runs cglled for Extended-NonNumeric encoding).

Next, a base 10 binary segment is encoded that directly represents the binary number resulting from
encoding the|sequence of the digits inthe Prefix and/or character map and/or Suffix (ignorihg any
intervening non-digit characters) as\a’single value, or in other words, applying a base 10 to pinary
conversion. The number of bits ta.encode in this sequence is directly determined from the nunmber of
digits being represented, as shewit in Annex K.

Immediately after the lastdbitof the base 10-bit sequence (if any), a non-numeric (base 30, basd 74, or
base 256) bit[sequence js encoded (if the character map indicates at least one non-numeric character).
This bit sequence represents the binary number resulting from a base 30 to binary conversjon (or
a base 74 to binary:cenversion, or a direct transfer of base 256 values) of the sequence of nop-digit
characters infthe data (ignoring any intervening digits). Again, the number of encoded bits is diirectly
determined fijom*the number of non-numeric values being represented, as shown in Annex K. Nofe that
if base 256 was selected as the non- Numeric base, then the encoder is free to classify and encode each
digit either as base 10 or as base 256 (base 10 will be more efficient, unless outweighed by the ability to
take advantage of a long Prefix or Suffix).

Note that an alphanumeric subsection ends with several variable-length bit fields (the character map,
and one or more binary sections representing the numeric and non-numeric binary values). Note further
that none of the lengths of these three variable-length bit fields are explicitly encoded (although one or
two Extended-base binary segments may also be present, these have known lengths determined from
Prefix and/or Suffix runs). In order to determine the boundaries between these three variable-length
fields, the decoder shall implement a procedure, using knowledge of the remaining number of data bits,
in order to correctly parse the alphanumeric subsection. An example of such a procedure is described
in Annex M.
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1.8.3.6 Padding the last byte

The last (least-significant) bit of the final binary segment is also the last significant bit of the Packed
Object. If there are any remaining bit positions in the last byte to be filled with pad bits, then the most
significant pad bit shall be setto "1,", and any remaining less-significant pad bits shall be set to "0,". The
decoder can determine the total number of non-pad bits in a Packed Object by examining the Length
section of the Packed Object (and if the pad indicator bit of that section is "1,", by also examining the
last byte of the Packed Object).

1.9

ID Map and directory encoding options

1.9.1

An ID

values
The ID
inad
subseq
explai

General

Map can be more efficient than a list of ID values, when encoding a relatively; large
Additionally, an ID Map representation is advantageous for use in a difectory H

ita or directory IDMPO, but a directory IDMPO's ID Map section contains addit
tions. The structure of an ID Map section, containing one or more ID Maps, is desq
hed in terms of its usage in a data IDMPO; subsequent sectigns“explain the add

elements in a directory IDMPO.

1.9.2

1.9.2.1

An IDN
Maps.
whose|
"0,"in
bits w
field if
Map s
immed
the fol

an

ID Map section structure

Values

PO represents ID values using a structure, called an ID Map section, containing o
Each ID value encoded in a data IDMPO is represented as a "1," bit within an ID
fixed length is equal to the number of entries in the corresponding base table. Co
the ID Map field indicates the absence of the corresponding ID value. Since the total
thin the ID Map field equals the number of ID values being represented, no explicit
encoded. To implement the range of functionality made possible by this represer
bction contains elements othet-than the ID Map itself. If present, the optional III
iately follows the leading pattern indicating an IDMPO (as was described in 1.4.3)
owing elements in the order listed below:

An application indicatér subsection (see 1.5.4.2);

a full/restrigcted' use bit (see 1.5.4.3);

(the aboyve'sequence forms an ID Map, which may optionally repeat multiple times);

a dlata/Directory indicator bit;

number of ID
acked Object.

Map itself (the first major subsection of every ID Map section) is struecttired identically whether

onal optional
ribed in 1.9.2,
ed structural

he or more ID
Map bit field,
hversely, each
umber of "1,"
NumberOfIDs
tation, the ID

Map section
and contains

ID Map bit field (whose length is determined from the ID Size in the application indlicator);

at

an optional AuxMap section (never present in a data IDMPO);

the end of the Object Info section (after the Object length information).

Closing flag(s), consisting of an "Addendum flag" bit. If "1,", then an Addendum subsection is present

These elements, shown in Table 1.14 as a maximum structure (every element is present), are described
in each of the next subsections.
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Table 1.14 — ID Map section

First ID Map Optional additional ID Null App | Data/ direc- (if directory) |Closing flag
Map(s) indicator | toryindica- | Optional AuxMap bit(s)
App indi-| ID Map bit | App indi- | ID Map field |(Singlezero|  torbit section
cator field (ends cator |(ends with F/R bit)
with F/R bit) bit)
See Seel9.2.2 As previ- |As previous See.5.4.2 See Table 1.15 Addendum
1.5.4.2 and [.5.4.3 ous flag bit

When an ID Map section is encoded, it is always followed by an Object Length and pad indicator, and
optionally followed by an Addendum subsection (all as have been previously defined), and then may be

followed by ahy of the other sections defined for Packed Objects, except that a directory IDMP
not include a flata section.

1.9.2.2 ID

An ID Map us
full/restricte

is "1,") a number of bits equal to the length determined from the ID Size pattetn within the appl

indicator, plu
encoded data
The choice of]
pattern that
the base tabld

In a data Pac
encoded occu
with this ID

Packed Object
further that @
entry in an Ad

An ID Map sh
encoded in a
in the associ
data IDMPO

An ID Map cahnot indicate a,specific number of instances (greater than one) of the same ID val

ap and ID Map bit field

ually consists of an application indicator followed by an ID Map bit field, ending
|l use bit. An ID Map bit field consists of a single "MapPresent" flagbjt, then (if MapH

b one (the full/restricted use bit). The ID Map bit field indigates the presence/abss
items corresponding to entries in a specific registered pgrimary or alternate basg

recedes the ID Map bit field. The MSB of the ID Mapbitfield corresponds to ID val
, the next bit corresponds to ID value 1, and so on¢

ked Object's ID Map bit field, each "1," bit indicates that this Packed Object contd
frence of the data item corresponding to antentry in the registered base table ass¢

D shall

with a
resent
cation
bnce of

table.

base table is indicated by the encoded combination of DSFID and application indlicator

lie 0 in

ins an
ciated

Map. Note that the valid encoded entry-may be found either in the first ("parentless")

of the chain (the one containing the ID Map) or in an Addendum IDLPO of that chai
ne or more data entries may be engoded in an IDMPO but marked "invalid" (by a
dendum IDLPO).

h1l not correspond to a secondary ID table instead of a base ID table. Note that datg

'parentless” data IDMPO.shall appear in the same relative order in which they are

ed base table. Howevef;, additional "out of order"” data items may be added to an e
appending an Addendum IDLPO to the Object.

1. Note
Delete

items
listed
Kisting

e, and

this would se¢mingly imply that only one data instance using a given ID value can be encoded in|a data
IDMPO. Howdver, the IDyMap method shall support the case where more two or more encoded data
items are from the same identifier "class" (and thus share the same ID value). The following mechanisms
address this njeed:

Another dataitem of the same class can be encoded in an Addendum IDLPO of the IDMPO. Multiple
occurrences of the same ID value can appear on an ID List, each associated with different encoded
values of the secondary ID bits.

— Aseries of two or more encoded instances of the same "class" can be efficiently indicated by a single
instance of an ID value (or equivalently by a single ID Map bit), if the corresponding base table entry
defines a "Repeat” bit (see ].3.3).

An ID Map section may contain multiple ID Maps; a null application indicator section (with its
ApplIndicatorPresent bit set to "0") terminates the list of ID Maps.

1.9.2.3 Data/Directory and AuxMap indicator bits

A data/Directory indicator bit is always encoded immediately following the last ID Map. By definition,
a data IDMPO has its data/Directory bit set to "0,", and a directory IDMPO has its data/Directory bit
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setto "1,". If the data/Directory bit is set to "1,", it is immediately followed by an AuxMap indicator bit

which,

1.9.2.4

if "1,", indicates that an optional AuxMap section immediately follows.

Closing flags bit(s)

The ID Map section ends with a single Closing flag. The final bit of the Closing flags is an addendum flag
bit which, if "1,", indicates that there is an optional Addendum subsection encoded at the end of the
Object Info section of the Packed Object. If present, the Addendum subsection is as described in L.5.7.

1.9.3

Directory Packed Objects

1.9.3.1]

Adire
a data
usage
subseq

1.9.3.2

Althoy
of the
bit ind
item a
a dire
descri

Note t
a dire
within

1.9.3.3

An Auj
of all
item.
bit. If 4
this se
list, w

Packed Object tothe start of the next Packed Object. This AuxMap structure is shown (fi

IDMP(

General

rtory Packed Objectis an IDMPO whose directory bitis set to "1". Its only inherent d
IDMPO is that it does not contain any encoded data items. However, additional me]
considerations apply only to a directory Packed Object, and these are déscribed in|
tions.

ID Maps in a directory IDMPO

gh the structure of an ID Map is identical whether in a data_or directory IDMPO,
structure are somewhat different. In a directory Packed Object''s ID Map bit f
icates that a data Packed Object in the same data carrier memory bank contain
ssociated with the corresponding entry in the spetified base table for this ID M4
tory Packed Object may further indicate which-Packed Object contains each data
btion of the optional AuxMap section below).

hat, in contrast to a data IDMPO, there is>no required correlation between the o
‘tory's ID Map and the order in which<these data items are subsequently encodg
a sequence of data Packed Objects.

Optional AuxMap section, (Directory IDMPOs only)

kMap section optionally allows a directory IDMPO's ID Map to indicate not only pres
he data items in this mentory bank of the tag, but also which Packed Object enco
f the AuxMap indicator bitis "1,", then an AuxMap section shall be encoded immedig
ncoded, the AuxMap'section shall contain one PO Index field for each of the ID Map
ction. After the-last PO Index field, the AuxMap section may optionally encode an
here each ObjectOffset generally indicates the number of bytes from the start of

with two)ID Maps) in Table 1.15.

Table 1.15 — Compact-Parameter bit patterns

fference from
chanisms and
the following

[he semantics
ield, each "1"
5 a valid data
p. Optionally,
item (see the

‘der of bits in
d in memory

ence/absence
des each data
tely after this
5 that precede
ObjectOffsets
the previous
r an example

PO Index field for first | PO Index field for sec- | Object Optional ObjectOffsets subsection
ID Map ond ID Map Offsets
POindex |POindex |POindex |POindex | FTeSent [gpject Objectl |Object2 ObjectN
Length Table Length Table bit Offsets Mul- |offset offset offset
tiplier (EBV6) (EBV6) (EBV6)

Each P

0 Index field has the following structure and semantics:

— A three-bit POindexLength field, indicating the number of index bits encoded for each entry in the
PO index table that immediately follows this field (unless the POindex length is "000", which means
that no PO index table follows).

— A PO index table, consisting of an array of bits, one bit (or group of bits, depending on the
POIndexLength) for every bitin the corresponding ID Map of this directory packed object. A PO index
table entry (i.e. a "PO Index") indicates (by relative order) which Packed Object contains the data
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item indicated by the corresponding "1" bit in the ID Map. If an ID Map bit is "0", the corresponding
PO index table entry is present, but its contents are ignored.

Every Packed Object is assigned an index value in sequence, without regard as to whether it is a
"parentless” Packed Object or a "child" of another Packed Object, or whether it is a data or directory
Packed Object.

If the PO Index is within the first PO index table (for the associated ID Map) of the directory "chain",
then:

— a PO Index of zero refers to the first Packed Object in memory,

— a Valnn ofono roforctaothe nevt Packod Ohiectin memaorv otc
O e+ Eereo>totHe et Traeke ooy ROt

— avalye of m, where m is the largest value that can be encoded in the PO Index (giventhe number
of bitjs per index that was set in the POindexLength), indicates a Packed Object whose relative
indey (position in memory) is m or higher. This definition allows Packed Objegts higher than m
to be|indexed in an Addendum directory Packed Object, as described immediately below. If no
addendum exists, then the precise position is either m or some indeterminate position greater
than pn.

If the PO Index is not within the first PO index table of the directory chaimn for the associated 1D Map
(i.e.itis in an Addendum IDMPO), then:

— a POJIndex of zero indicates that a prior PO index table of the chain provided the index
information,

— aPO|ndex of n (n > 0) refers to the nth Packed Objegct above the highest index value availpble in
the iPmediate parent directory PO; e.g. if the maximum index value in the immediate parent

direcftory PO refers to PO number "3 or greater,5then a PO index of 1 in this addendum rgfers to

PO nyimber 4,

— aPOIndex of m (as defined above) similagly indicates a Packed Object whose position is the mth
positjon, or higher, than the limit of théprevious table in the chain,

If the valid instance of an ID value is ihfan Addendum Packed Object, an implementation may thoose
to seta PQ Index to point directlyte:that addendum, or may instead continue to point to the Packed
Object in fthe chain that originally~eontained the ID value.

NOTE The
directory upda

After the las
Present” bit.
this bitis a "]
"offsets" (the
Object). If pre

first approach semetimes leads to faster searching; the second sometimes leads td
tes.

PO Index)field, the AuxMap section ends with (at minimum) a single "Object
A"0" valte“of this bit indicates that no ObjectOffsets subsection is encoded. If i
", it issimmediately followed by an ObjectOffsets subsection, which holds a list of]
number of octets between the start of a Packed Object and the start of the next |

faster

Dffsets
hstead
EBV-6
Packed

sent, the ObjectOffsets subsection consists of an ObjectOffsetsMultiplier followed

by an

Object Offsets list, defined as follows:

— An EBV-6 ObjectOffsetsMultiplier, whose value, when multiplied by 6, sets the total number of bits

reserved for the entire ObjectOffsets list. The value of this multiplier should be selected to ideally
result in sufficient storage to hold the offsets for the maximum number of Packed Objects that can
be indexed by this directory Packed Object's PO index table (given the value in the POIndexLength
field, and given some estimated average size for those Packed Objects).

a fixed-sized field containing a list of EBV-6 ObjectOffsets. The size of this field is exactly the number
of bits as calculated from the ObjectOffsetsMultiplier. The first ObjectOffset represents the start
of the second Packed Object in memory, relative to the first octet of memory (there would be little
benefit in reserving extra space to store the offset of the first Packed Object). Each succeeding
ObjectOffset indicates the start of the next Packed Object (relative to the previous ObjectOffset on
the list), and the final ObjectOffset on the list points to the all-zero termination pattern where the
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next Packed Object may be written. An invalid offset of zero (EBV-6 pattern "000000") shall be used
to terminate the ObjectOffset list. If the reserved storage space is fully occupied, it shall not include
this terminating pattern.

In applications where the average Packed Object length is difficult to predict, the reserved
ObjectOffset storage space may sometimes prove to be insufficient. In this case, an Addendum
Packed Object can be appended to the directory Packed Object. This Addendum directory Packed
Object may contain null subsections for all but its ObjectOffsets subsection. Alternately, if it
is anticipated that the capacity of the PO index table will also eventually be exceeded, then the
Addendum Packed Object may also contain one or more non-null PO Index fields. Note that in a
given instance of an AuxMap section, either a PO index table or an ObjectOffsets subsection may be
the first to exceed its capacity. Therefore, the first position referenced by an ObjectOffsets list in an
Addendum Packed Object need not coincide with the first position referenced by the PO index table
offthat same Addendum. Specifically, in an Addendum Packed Object, the first Object(ffset listed is
ar] offset referenced to the last ObjectOffset on the list of the "parent” directory Pack¢d Object.

1.9.3.4f Usage as a Presence/Absence directory

data carrier
| information

In ma
contai
of tho
presern
efficie

hy applications, an Interrogator may choose to read the entiré contents of any
hing one or more "target" data items of interest. In such applications, the positiong
be data items within the memory is not needed during theyinitial reading operftions; only a
ce/absence indication is needed at this processing stagen)An ID Map can form p particularly
t Presence/Absence directory for denoting the contents of a data carrier in such qpplications. A
full directory structure encodes the offset or address (memory location) of every data element within
the data carrier, which requires the writing of many bits (typically 32 bits or more ppr data item).
Inevitdbly, such an approach also requires reading many bits over the air, just to determife whether an
identiffier of interest is present on a particular tag. Inicontrast, when only presence/absende information
is needed, using an ID Map conveys the same information using only one bit per data item|defined in the
data system. The entire ID Map can be typically~represented in 128 bits or less and stays|the same size
as moile data items are written to the tag.

A "Presence/Absence directory” Packed\Object is defined as a directory IDMPO that do¢
a PO Index, and therefore provides w0 encoded information as to where individual datj
within the data carrier. A Presenc¢e/Absence directory can be converted to an "Index
Packed Object (see 1.9.3.5) by-adding a PO Index in an Addendum Packed Object, as a
Preserjce/Absence Packed Objeet.

bs not contain
| items reside
ed directory”
"child" of the

1.9.3.5 Usage as anIndexed directory

In mar
coveri
of inte
impor

y applications:involving large memories, an Interrogator may choose to read a dir¢
hg the entirememory's contents, and then issue subsequent Reads to fetch the "targ
rest. Innsuch applications, the positional information of those data items within t
ant{but if many data items are added to a large memory over time, the directory if

pctory section
et" data items
he memory is
self can grow

to an yndésirable size.

An ID Map, used in conjunction with an AuxMap containing a PO Index, can form a particularly efficient
"Indexed directory"” for denoting the contents of an RFID tag, and their approximate locations as well.
Unlike a full tag directory structure, which encodes the offset or address (memory location) of every
data element within the data carrier, an Indexed directory encodes a small relative position or index
indicating which Packed Object contains each data element. An application designer may choose to also
encode the locations of each Packed Object in an optional ObjectOffsets subsection as described above,
so that a decoding system, upon reading the Indexed directory alone, can calculate the start addresses
of all Packed Objects in memory.

The utility of an ID Map used in this way is enhanced by the rule of most data systems that a given
identifier may only appear once within a single data carrier. This rule, when an Indexed directory is
utilized with Packed Object encoding of the data in subsequent objects, can provide nearly complete
random access to reading data using relatively few directory bits. As an example, an ID Map directory
(one bit per defined ID) can be associated with an additional AuxMap "PO Index" array (using, for
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example, three bits per defined ID). Using this arrangement, an interrogator would read the directory
Packed Object, and examine its ID Map to determine if the desired data item were present on the tag. If
so, it would examine the 3 "PO Index" bits corresponding to that data item, to determine which of the
first 8 Packed Objects on the tag contain the desired data item. If an optional ObjectOffsets subsection
was encoded, then the Interrogator can calculate the starting address of the desired Packed Object
directly; otherwise, the interrogator may perform successive read operations to fetch the desired
Packed Object.
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Annex |
(normative)

Packed Objects ID tables

J.1 General

This a
These
denotg

]2 1

J.2.1

hnex defines the Packed Objects ID table format definition, to be used by all regist
ID tables, customised for each data system, will be registered with the Registra
d by ISO/IEC 15961-2.

Packed Objects data format registration file structure

Format

A Pacled Objects registered data format file consists of a seriesf“Keyword lines" and o

tables
end w

A
a
pr
re

st
ay
m

To illu
string
].2.2

Keywq(
are as

Blank lines may occur anywhere within a data format File and are ignored. Also
th extra blank columns, which are also ignored.

character string, which assigns a value to thatkeyword. Zero or more space char

ue (in a required "IDvalue" columit)y and additional columns may associate Object
fings, format strings, and other information with that ID value. A registration file al
ingle "Primary" base ID table, zero or more alternate base ID tables, and may also
bre secondary ID tables (thatare referenced by one or more base ID table entries).

. The following subsections explain the syntax shown in Table ].1.

File header'section

rd lings.in the file header (the first portion of every registration file) may occur in
follaws:

a—ancllro

keyword line consists of a keyword (which always'starts with "K-") followed by an ¢

esent on either side of the equal sign. Some keyword lines shall appear only once, at
pistration file, and others may appear multiple times, once for each ID table in the fi

g

strate the file format, a hypothetical data system registration is shown in Tah
hypotletical data system, each ID value is associated with one or more OIDs and corf

red ID tables.

iion Authority

ne or more ID
any line may

qual sign and
hicters may be
the top of the
le.

ID table lists a series of ID values (asdefined in [.5.4). Each row of an ID table contajins a single ID

IDs (OIDs), ID
ways includes
nclude one or

le J.1. In this
esponding ID

iny order, and

(M

Ay d ot o) L \Tapcinss — o o
TOTT

abhich thao vogictaring bhody occignc
afrtratory v erstoh——"T1hh Ve

TCETSTCTIITS DOy aSSTSTTS,;

revisions to their registration are clearly labelled.

at any future

(Optional) K-Interpretation = string, where the "string" argument shall be one of the following:

"ISO-646", "UTF-8", "ECI-nnnnnn" (where nnnnnn is a registered six-digit ECI number), [SO-8859-
nn, or "UNSPECIFIED". The Default interpretation is "UNSPECIFIED". This keyword line allows non-
default interpretations to be placed on the octets of data strings that are decoded from Packed
Objects.

(Optional) K-ISO15434=nn, where "nn" represents a formatindicator (a two-digit numeric identifier)

as defined in ISO/IEC 15434. This keyword line allows receiving systems to optionally represent a
decoded Packed Object as a fully conformant ISO/IEC 15434 message. There is no default value for
this keyword line.
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— (Optional) K-AppPunc = nn, where nn represents (in decimal) the octet value of an ISO/IEC 646
character that is commonly used for punctuation in this application. If this keyword line is not
present, the default application punctuation character is the hyphen.

In addition, comments may be included using the optional keyword assignment line "K-text = string"
and may appear zero or more times within a file header or table header, but not in an ID table body.
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Table J.1 — Hypothetical data format registration file

K-Text = Hypothetical data format 100
K-Version = 1.0

K-TableID = F100BO

K-RootOID = urn:o0id:1.0.12345.100

K-IDsize = 16
IDvalue OIDs IDstring Explanation FormatString
0 99 17 LegacyID "1Z" cor- 14n
responds to OID 99,
is assigned IDval 0
1 9 %x30-33 7 %x42-45 An OID in the range H8an
90 to 93,
Corresponding to
ID 7B..7E
2 (10)(20)(25)(37) (A)(B)(C)(D) a commonly used (1n)(2n)(3n))(4n)
set of IDs
3 26/27 1A/2B Either 1A or 2B.i$ 10n / 20jn
encoded, but-not
both
4 (30) [31] (24) [3B] 2A is always en- (11n) [1*2Pn]
coded,Optionally
followed by 3B
5 (40/41/42) (53) (4A/4B/4C) (5D) OneofA/B/Cisen- (In/2n/3n) (4n) [5n]
[55] [5E] eoded, then D, and
optionally E
6 (60/61/ (64)[66]) (6A /6B A(6C) Selections, one of (In/2n / ([3n][4n])
[6D] which includes an
Option
K-TablgEnd = F100B0
J.2.3 | Table header section
One off more table header Sections (each introducing an ID table) follow the file header|section. Each
table header begins with a K-TableID keyword line, followed by a series of additional |required and
optionfl keyword lines, (which may occur in any order) as follows:
— (Mandatoryj/K-TableID = FnnXnn, where Fnn represents the [SO-assigned data fgrmat number
(where "nn’represents one or more decimal digits), and Xnn (where "X" is either "B" or "S") is a
registrant- assigned table ID for each ID table in the file. The first ID table shall always He the primary

bgsedD table of the registration, with a table ID of "B0". As many as seven additi¢nal alternate
i e tth-hishersequential-Bn ; ables may be

included, with sequential table IDs of te form "Snn".

(Mandatory) K-IDsize = nn: For a base ID table, the value nn shall be one of the values from the
"Maximum number of table entries" column of Table 1.6. For a secondary ID table, the value nn shall
be a power of two (even if not present in Table 1.6).

(Optional) K-RootOID = urn:oid:i.j.k.ff where:

— L, j, and k are the leading arcs of the OID (as many arcs as required);
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— ffisthelast arc of the Root OID (typically, the registered data format number). If the K-RootOID
keyword is not present, then the default Root OID is urn:oid:1.0.15961.ff, where "ff" is the
registered data format number.

— Other optional keyword lines: to override the file-level defaults (to set different values for a
particular table), a table header may invoke one or more of the optional keyword lines listed in for
the file header section.

The end of the table header section is the first non-blank line that does not begin with a keyword.
This first non-blank line shall list the titles for every column in the ID table that immediately follows
this line; column titles are case-sensitive.

An alternptebasetbtabte; if present; s identicatim format to the primmary base b tabte tbutgsually
represents a smaller choice of identifiers, targeted for a specific application).

A secondary ID table can be invoked by a keyword in a base table's OIDs column. A'secondary ID
table is efjuivalent to a single Selection list (see ].4) for a single ID value of a base-ID table (except
that a secpndary table uses K-Idsize to explicitly define the number of secondary-ID bits per ID); the
IDvalue cplumn of a secondary table lists the value of the corresponding secondary ID bits gattern
for each row in the secondary table. An OIDs entry in a secondary ID tablelshall not itself contain a
Selection(list nor invoke another secondary ID table.

J.2.4 ID table section

Each ID table fonsists of a series of one or more rows, each row including a mandatory "[Dvalue" cplumn,
several defingd optional columns (such as "OIDs", "IDstring", and "FormatString"), and any nunber of
informative cplumns (such as the "Explanation” column in thehypothetical example shown abov).

Each ID table ends with a required keyword line of the fornt:

K-TableEjd = FnnXnn, where FnnXnn shall match the preceding K-TableID keyword lirfe that
introducqd the table.

The syntax anjd requirements of all Mandatory, and optional columns shall be as described ].3.

J.3 Mandatory and optional ID table columns

J.3.1 Format

Each ID Table in a Packed Objécts registration shall include an IDvalue column and may includg¢ other
columns that fare defined in this specification as optional, and/or Informative columns (whose dolumn
heading is not definedin‘this specification).

J.3.2 IDvalue column (Mandatory)

Each ID table in a Packed Objects registration shall include an TDvalue column. The ID values on
successive rows shall increase monotonically. However, the table may terminate before reaching the
full number of rows indicated by the keyword line containing K-IDsize. In this case, a receiving system
will assume that all remaining ID values are reserved for future assignment (as if the OIDs column
contained the keyword "K-RFA"). If a registered base ID table does not include the optional OIDs column
described below, then the IDvalue shall be used as the last arc of the OID.

J.3.3 OIDs and IDstring columns (Optional)

A Packed Objects registration always assigns a final OID arc to each identifier (either a number assigned
in the "OIDs" column as will be described below, or if that column is absent, the IDvalue is assigned as
the default final arc). The OIDs column is required rather than optional, if a single IDvalue is intended
to represent either a combination of OIDs or a choice between OIDs (one or more secondary ID bits are
invoked by any entry that presents a choice of OIDs).
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A Packed Objects registration may include an IDString column, which if present assigns an
ISO/IEC 646-string name for each OID. If no name is provided, systems must refer to the identifier by its
OID (see |.5). However, many registrations will be based on data systems that do have an ISO/IEC 646
representation for each defined Identifier and receiving systems may optionally output a representation
based on those strings. If so, the ID table may contain a column indicating the IDstring that corresponds
to each OID. An empty IDstring cell means that there is no corresponding ISO/IEC 646 string associated
with the OID. A non-empty IDstring shall provide a "name" for every OID invoked by the OIDs column
of that row (or a single name, if no OIDs column is present). Therefore, the sequence of combination and
selection operations in an IDstring shall exactly match those in the row's OIDs column.

A non-empty OIDs cell may contain either a keyword, an ISO/IEC 646 string representing (in decimal) a
single OID value, or a compound string (in ABNF notation) that a defines a choice and/or a combination
of OID§$. The detailed syntax for compound OID strings in this column (which also applies tjo the [Dstring
column) is as defined in ].4. Instead of containing a simple or compound OID representation, an OIDs
entry may contain one of the following keywords:

— K-Verbatim = OIDddBnn, where "dd" represents the chosen penultimate-ate of the QID, and "Bnn"
inflicates one of the base 10, base 40, or base 74 encoding tables. This entryinvokes sevgral secondary
[D{bits that serve two purposes:

—{ They encode an ISO/IEC 646 identifier "name" that might not\have existed at the fime the table
was registered. The name is encoded in the secondary ID-bits section as a series of base n values
representing the ISO/IEC 646 characters of the name,\preceded by a four-bit field indicating
the number of base n values that follow (zero is permissible, in order to support RFA entries as
described below).

— The cumulative value of these secondary ID hits, considered as a single unsigned binary integer
and converted to decimal, is the final "arc’.0f'the OID for this "verbatim-encoded| identifier.

— K-Becondary = Snn, where "Snn" represents the Table ID of a secondary ID tablg in the same
registration file. This is equivalent to a base ID table row OID entry that contains a sipgle Selection
ligt (with no other components at the €op level), but instead of listing these componerts in the base
ID{table, each component is listed as‘a separate row in the secondary ID table, wher¢ each may be
aspigned a unique OID, IDString,»and FormatString.

— K-Proprietary=0IDddPnn,-“where nn represents a fixed number of secondary|ID bits that
erfcode an optional Enterprise Identifier indicating who wrote the proprietary data (an entry of
K-Proprietary=0IDddRQ indicates an "anonymous" proprietary data item).

— K-RFA =0IDddBnfi,where "Bnn" is as defined above for Verbatim encoding, except thatf"B0" is a valid
aspignment (méaning that no secondary ID bits are invoked). This keyword represents a Reserved
for Future Assignment entry, with an option for Verbatim encoding of the Identifier {name" once a
ngme is assigned by the entity who registered this data format. Encoders may use this entry, with
a four;bit "verbatim" length of zero, until an Identifier "name" is assigned. A specific|[FormatString
maydbe-assigned to K-RFA entries, or the default a/n encoding may be utilized.

Finally, any OIDs entry may end with a single "R" character (preceded by one or more space characters),
to indicate that a "Repeat” bit shall be encoded as the last secondary ID bit invoked by the entry. If "1",
this bit indicates that another instance of this class of identifier is also encoded (that is, this bit acts as
if a repeat of the ID value were encoded on an ID list). If "1", then this bit is followed by another series of
secondary ID bits, to represent the particulars of this additional instance of the ID value.

An IDstring column shall not contain any of the above-listed keyword entries, and an IDstring entry
shall be empty when the corresponding OIDs entry contains a keyword.

J.3.4 FormatString column (Optional)

An ID table may optionally define the data characteristics of the data associated with a particular
identifier, in order to facilitate data compaction. If present, the FormatString entry specifies whether a
data item is all-numeric or alphanumeric (i.e. may contain characters other than the decimal digits) and
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specifies either a fixed length or a variable length. If no FormatString entry is present, then the default
data characteristic is alphanumeric. If no FormatString entry is present, or if the entry does not specify
a length, then any length >=1 is permitted. Unless a single fixed length is specified, the length of each
encoded data item is encoded in the Aux format section of the Packed Object, as specified in L.7.

If a given IDstring entry defines more than a single identifier, then the corresponding FormatString
column shall show a format string for each such identifier, using the same sequence of punctuation
characters (disregarding concatenation) as was used in the corresponding IDstring.

The format string for a single identifier shall be one of the following:

n_n

— Alength qualifier followed by "n" (for always-numeric data);

— Alength qualifier followed by "an" (for data that may contain non-digits); or

— A fixed-lgngth qualifier, followed by "n" followed by one or more space characters, followqd by a
variable- [length qualifier, followed by "a

A length quallifier shall be either null (that is, no qualifier present, indicating that_any length $= 1 is
legal), a singl¢ decimal number (indicating a fixed length) or a length range of/the form "i*j", where "i"

represents the minimum allowed length of the data item, "j" represents thedqnaximum allowed length,
and i <=j. In the latter case, if "j" is omitted, it means the maximum length-is unlimited.

" vl

Data correspdnding to an "n" in the FormatString are encoded in the KLN\stubsection; data corresppnding
to an "an" in the FormatStrmg are encoded in the A/N subsection.

When a given|instance of the data item is encoded in a Packed Qbject, its length is encoded in the Aux
format sectioh as specified in L.7.3.

The format sffring for a single identifier shall consist of either the letter "n" (for always-numerif data)
or "an" (for dfita that may contain non-digits), optionally preceded by a length range of the form "i*j",
where "i" represents the minimum allowed length of the data item, and "j" represents the maimum
allowed leng h. When a given instance of the -data item is encoded in a Packed Object, its lepgth is
encoded in the Aux format section, using the minimum number of bits that can express the range. The
minimum valpie of the range is not itself encaded but is specified in the ID table's FormatString c¢lumn.

EXAMPLE

A Formatftring entry of "3*6énindicates an all-numeric data item whose length is always bgtween
three and|six digits inclusive,)A given length is encoded in two bits, where "00" would indicate 4 string
of digits whose length is*'3", and "11" would indicate a string length of six digits.

J.3.5 Interp colummn(Optional)

Some registrdtions can specify information needed for output representations of the Packed (Object's
contents, othprthan the default OID representation of the arcs of each encoded identifier. |If this
information isTinvarian nes as
previously defined. If the interpretation varies from row to row within a table, then an Interp column
may be added to the ID table. This column entry, if present, may contain one or more of the following
keyword assignments (separated by semicolons), as were previously defined (see ].2.2 and ].2.3):

—

— K-RootOID = urn:oid:i.j.k.I...
— K-Interpretation = string
— K-ISO15434=nn

If used, these override (for a particular Identifier) the default file-level values and/or those specified in
the table header section.
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J.4 Syntax of OIDs, IDString, and FormatString columns

J.4.1

General

In each ID table entry, the OIDs, IDString, and FormatString column may indicate one or more
mechanisms described in this clause. ].4.2 specifies the semantics of the mechanism and ].4.3 specifies
the formal grammar for the ID table columns.

].4.2

Semantics for OIDs, IDString, and FormatString columns

In the descriptions below, the word "Identifier" means either an OID final arc (in the context of the OIDs

colum
the OI

A
in

(F
re

pd
ch

th
is
in

bd

sa
I

thpt (for example) the OID's digit can range frony0 to 3, while the corresponding IDst1

,‘) or-an Ithr'ing name. (in the context of the Tncfrihg r‘n]nmn) Lfboth columns are

present, only

Ds column invokes secondary ID bits.

bingle component resolving to a single Identifier, in which case no additional Sécond
poked.

pr OIDs and IDString columns only) A single component resolving,tg)one of a se

sitions. This isindicated using the Concatenation operator "%" t¢introduce arange
aracters at a specified position. For example, an OID whose final arc is defined as

represented by the component 391 %x30-36 (note that.neSpaces are allowed). A

e number of concatenations, with the same ranges’(so that the numbers and value
bits invoked are consistent). However, the minimum value listed for the two range

can range from "B" to "E" if so desired. Note that the use of Concatenation inheren

th
cil

A

surrounding each component.of the sequence with parentheses. For example, an [Dst
x30-37B)(2C) indicates thatthe associated ID value represents a sequence of the fq

(©
id

e relationship between OID and legacy D, and so Concatenation may not be use
cumstances (the Selection operation-described below usually provides an alternat

Combination of two or morecidentifier components in an ordered sequence,

bntifiers:
Identifier "A", thén

An identifier'within the range "0B" to "7B" (invoking three secondary ID bits to
choice ofJeading character), then

Identifier "2C.

NOTE A Combination does not itself invoke any secondary ID bits (unless one or more of
do)

ated Identifiers, where the Identifier's string representation varigs orly at one or

e fourth digit "n" can be any digit from "0" to "6" (ISO/IEG646 characters 30,4 to 3

yokes the minimum number of secondary ID digits neéded to indicate the specifieg
th an OIDs column and an IDstring column are popiilated for a given row, both shz

hry ID bits are

ries of closely
ore character
pf ISO/IEC 646
'391n", where
6,4 inclusive)
[oncatenation
range. When
1 contain the
b of secondary
b can differ, so
ing character
[ly constrains
hble under all
ve).

indicated by
ring entry (A)
llowing three

represent the

ts components

An optional component is indicated by surrounding the component in brackets, which may be

viewed as a "conditional combination." For example, the entry (A) [B][C][D] indicates that the ID
value represents identifier A, optionally followed by B, C, and/or D. A list of Options invokes one
secondary ID bit for each componentin brackets, whereina"1" indicates that the optional component
was encoded.

A selection between several mutually exclusive components is indicated by separating the

components by forward slash characters. For example, the IDstring entry (A/B/C/(D)(E)) indicates
that the fully qualified ID value represents a single choice from a list of four choices (the fourth of
which is a Combination). A Selection invokes the minimum number of secondary ID bits needed to
indicate a choice from a list of the specified number of components.

In general, a "compound"” OIDs or IDstring entry may contain any or all of the above operations. However,
to ensure that a single left-to-right parsing of an OIDs entry results in a deterministic set of secondary
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ID bits (which are encoded in the same left-to-right order in which they are invoked by the OIDs entry),

the following

restrictions are applied:

A given Identifier may only appear once in an OIDs entry, e.g. the entry (A)(B/A) is invalid.

A OIDs entry may contain at most a single Selection list.

Component may contain more than two Concatenation operators.

An option
be a com
Concaten

A OIDs or
an Operaf
"name", t

J]. 4.3 Form

In each ID tab
following gra
a keyword as

compoNENT is dlifferent for each column as specified below. In a given ID table Entry, the contents
b, and FormatString column (except if empty) shall have identical parse trees acc
har, except that the covponEnTs may be different. Space characters are permitte

OIDs, IDStrin
to this grami]
ignored) any
where explici
Expr ::= Sel
SelectionExp
SelectionSub
ComboExpr ::

ComboSubexpr| :

For the OIDs (

COMPONENT_OT
COMPONENT_OT

htion.

hen it shall be represented as a single literal Concatenated character,

al Grammar for OIDs, IDString, and FormatString Colummns

specified in [.3.3. All three columns share the same gtammar, except that the syn

where in an Expr, except that in the interior’of a coMpoNENT spaces are only per
ly specified below.

ctionExpr | " (" SelectionExpr ") | SelectionSubexpr
r ::= SelectionSubexpr ( "/" SellectionSubexpr )+
expr ::= COMPONENT | ComboExpr
= ComboSubexpr+
:= " (" COMPONENT ")" |«J'[" COMPONENT "]"

olumn, componNENT shall(conform to the following grammar:

Ds ::
Ds Char :

(COMPONENT. OIDs Char
= (vvon. _n9n)+

Concat) +

[Dstring entry may not include the characters "(",")", "[", "]", "%", "-", or "/t Junless
or as described above. If one of these characters is part of a defined datasystem Ide

e entry, the contents of the OIDs, IDString, and FormatString-eolumns shall conform
mmar for Expr, unless the column is empty or (in the case.of the OIDs column) it cg

There is no restriction on the number of Combinations (because they invoke no secondary ID bits).

There is no restriction on the total number of Concatenations in an OIDs entry, but no single

al component may be a component of a Selection list, but an optional component may not

bound component, and therefore shall not include a Selection list nor a Combinatip

n nor

sed as
ntifier

to the
ntains
fax for
of the
ording
d (and
mitted

For the IDString column, coMponeNT shall conform to the following grammar:
COMPONENT IDString (:3%= UnquotedIDString | QuotedIDString
UngquotedIDString i~ (UnQuotedIDStringChar | Concat)+
UnquotedIDStlringChar ::=

"O".."9" | "A".."Z" | "a".."Z" | " "
QuotedIDStrilngyi:= QUOTE QuotedIDStringConstituentt QUOTE
QuotedIDStringConstituent ::=

" " | " ! " | "#" .. nw.omn I (QUOTE QUOTE)

ouoTk refers to ISO/IEC 646 character 34 (decimal), the double quote character.

When the guotedipstring form for coMPONENT TDString is used, the beginning and ending ouoTk
characters shall not be considered part of the IDString. Between the beginning and ending ouork, all
ISO/IEC 646 characters in the range 32 (decimal) through 126 (decimal), inclusive, are allowed, except
that two gquoTE characters in a row shall denote a single double-quote character to be included in the

[DString.

In the Quotedipstring form, a % character does not denote the concatenation operator, but instead
is just a percent character included literally in the IDString. To use the concatenation operator, the
UnguotedIDstring form must be used. In that case, a degenerate concatenation operator (where the
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start character equals the end character) may be used to include a character into the IDString that is
not one of the characters listed for unquotedIDStringChar.

For the FormatString column, componenT shall conform to the following grammar:

COMPONENTiFormatString ::= Range? ("an" | "n")
| FixedRange "n" " "+ VarRange "an"
Range ::= FixedRange | VarRange
FixedRange ::= Number
VarRange ::= Number "*" Number?
Number ::= ("0".."9")+

The syntax for componENT for the OIDs and IDString columns makes reference to concat, whose syntax

is speq

Concaf] ::

HexChd

The he
In the
each h

J.5 |

J.5.1

The dq
of na
with t
1.0.15
the ID

applic
If supp
output

format
a table

The cq
ability|
theref
].5.2

If the
registg

}e/value pairs, where the name is an OID, and the value is the decoded data st

LI | £-11
I1ICTU d5 TUIIUWS.
= mon ngn

("O".

HexChar HexChar "-" HexChar HexChar

Lnon ‘ "A".."F")

r ::
x value following the hyphen shall be greater than or equal to the hex valife'precedir

OIDs column, each hex value shall be in the range 30,4 to 394, inclusive. In the ID§
px value shall be in the range 20, to 7E4, inclusive.

DID input/output representation

Default method

g the hyphen.
tring column,

fault method for representing the contents of a Packed Object to a receiving syste

at OID. Unless otherwise specified by a K-ReotOID keyword line, the default root (
61.ff, where ff is the data format encoded,in the DSFID. The final arc of the OID 1
value, but this is typically overriddenxby an entry in the OIDs column. Note th4
htion indicator (see 1.5.4.2) may change ff from the value indicated by the DSFID.

orted by information in the ID table's IDstring column, a receiving system shall tra
into various alternative forniats, based on the ID String representation of the O
, as described in ISO/IEC 15434, requires as additional information a two-digit for
registration may provide this information using the K-ISO15434 keyword as desc

mbination of the K-RootOID keyword and the OIDs column provides the registe
to assign OIDs t¢ data system identifiers without regard to how they are actually
bre the same OIlD/assignment can apply regardless of the access method.

"ID value OID" output representation

receiving system does not have access to the relevant ID table (possibly becaus
réd), the Packed Objects decoder will not have sufficient information to conve

;ﬂ;

is as a series
g associated
ID is urn:oid:
s (by default)
t an encoded

hslate the OID
Ds. One such
at identifier;

ibed above.

[ing entity an
encoded, and

e it is newly-
t the IDvalue

(plus s

1 Il Y 1 . 1 1Ol 1 1 . 1 - L
cloldary 1D DILS) LU UIC HItCIUucu UlD. 111 OT'UCT LU ©45C LIIC HILTOUduUcC Lol O TICWw 01" €2

encoders have an option to follow "restricted use" rules (see [.5.4.3).

cternal tables,

When a receiving system has decoded a Packed Object encoded following "restricted use" rules, but
does not have access to the indicated ID table, it shall construct an "ID value OID" in the following
format:

urn:oid:1.0.15961.300.ff.bb.idval.secbits

where 1.0.15961.300 is a Root OID with a reserved data format of "300" that is never encoded in a
DSFID, but is used to distinguish an "ID value OID" from a true OID (as would have been used if the
ID table were available). The reserved value of 300 is followed by the encoded table's data format (ff)
(which may be different from the DSFID's default), the table ID (bb) (always "0", unless otherwise
indicated via an encoded application indicator), the encoded ID value, and the decimal representation
of the invoked secondary ID bits. This process creates a unique OID for each unique fully-qualified ID
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value. For example, using the hypothetical ID table shown in Annex L (but assuming, for illustration
purposes, that the table's specified Root OID is urn:oid:1.0.12345.9, then an "AMOUNT" ID with a fourth
digit of "2" has a true OID of:

urn:oid:1.

0.12345.9.3912

and an "ID value OID" of

urn:oid:1.

0.15961.300.9.0.51.2

When a single ID value represents multiple component identifiers via combinations or optional
components, their multiple OIDs and data strings shall be represented separately, each using the

same "ID val

e QD" Lupthrguohandincluding the seco isarcl-butadding asafinal

ndarvID h
J

arc the

component ny

If the decodi
decoder, but
decoder shall
as a single ur
field of the P
.n, where "30
format encod
sequentially
memory.

*

mber (starting with "1" for the first component decoded under that IDvalue).

system encounters a Packed Object that references an ID table that is unayailablg
e encoder chose not to set the "Restricted use" bit in the application indicator, th
either discard the Packed Object, or relay the entire Packed Object to theyreceiving s
decoded binary entity, a sequence of octets of the length specified.in the Object
icked Object. The OID for an undecoded Packed Object shall be(urn:oid:1.0.15961
|" is a data format reserved to indicate an undecoded Packed Qbject, "ff" shall be tk
bd in the DSFID at the start of memory, and an optional finalarc "n" may be incren

o distinguish between multiple undecoded Packed Objects in the same data

to the
en the
ystem
Length
.301.ff
e data
nented
carrier
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Annex K
(normative)

Packed Objects Encoding tables

Packed Objects primarily utilise two encoding bases:

ba
en
™

For sit]
of basg¢

T}
GS

supported for uses other than as a data delimiter).

T}
th
T}
en
a(
de

¢}

Finally

base indicators, rather than by charaé¢ter map bits, when a long run of characters can be

a sing
Prefix

Tqg
13

TV
in
in
th
84

base 10, which encodes each of the digits "0" through "9" in one base 10 value.

se 30, which encodes the capital letters and selectable punctuation in one base

o base 30 values (using a Shift mechanism) (see Table K.2).

uations where a high percentage of the input data's non-numeric chatacters would|
-30 values, two alternative bases, base 74 (see Table K.5) and base 256, are also de

e values in the base 74 set correspond to the invariant subset@fISO/IEC 646 (whic
1 character set), but with the digits eliminated, and with_the‘addition of GS and <

e values in the base 256 set may convey octets with‘rio graphical-character inte
xtended ISO/IEC 646 values" as defined in ISO/IEC8859-1 (which is the default ch
js document), or UTF-8 (the interpretation may be'setin the registered ID table fora
e characters "0" through "9" (ISO/IEC 646 decimal values 48 through 57) are supq
coder may therefore encode the digits eitherby using a prefix or suffix (in base 25
haracter map (in base 10). Note that in GS1“data, FNC1 is represented by ISO/IEC 64
cimal value 29).

, there are situations where compaction efficiency can be enhanced by run-lengt

e base. To facilitate that classification, additional "extension" bases are added, o
and Suffix Runs.

supportrun-lengthencoding of a primarily numeric string with a few interspersed
is defined (see Tahle K.3).

U0 of these extension bases (base 40 (see Table K.4) and base 84 (see Table K.6)) are s
that they extéend the corresponding non-numeric bases (base 30 and base 74, respeq
Clude the ten decimal digits. The additional entries, for characters "0" through "9"
k nextiten sequential values (values 30 through 39 for base 40, and values 74 throu

).

30 value and

codes punctuation and control characters from the remainder of the ISO/IEG646 character set in

require pairs
fined:

h includes the
space> (GS is

rpretation, or
racter set for
h application).
orted, and an
) or by using
L6 <GS> (octet

h encoding of
Classified into
nly for use in

letters, a base

mply defined,
tively) to also
are added as
bh 83 for base

The "extended™ version of base 256 is defined as base 40. This allows an encoder the OptiOIl of

encoding a few ISO/IEC 646 control or uppercase ISO/IEC 646 characters in base 256, while using a
Prefix and/or Suffix to encode the remaining non-numeric characters more efficiently.

The number of bits required to encode various numbers of base 10, base 16, base 30, base 40, base 74,
and base 84 characters are shown in Table K.1. In all cases, a limit is placed on the size of a single input

group,

selected to output a group no larger than 20 octets.
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Table K.1 — Required number of bits for a given number of base "N" values

Basel0 encoding accepts up to 48 input values per group

static const unsigned char bitsForNumbaselO[]

0to9 0, 4, 7, 10, 14, 17, 20, 24, 27, 30,

10 to 19 34, 37, 40, 44, 47, 50, 54, 57, 60, 64,

20 to 29 67, 70, 74, 77, 80, 84, 87, 90, 94, 97,

30to 39 100, 103, 107, 110, 113, 117,120, 123, 127, 130,
40to 48 133,137, 140, 143, 147,150, 153, 157, 160

Basel3 encoding accepts up to 43 input values per group

static const unsigned char bitsForNumbase4O[]

Jto9 0, 4, 8, 12, 15, 19, 23, 26, 30, 34,

10 to 19 38, 41, 45, 49, 52, 56, 60, 63, 67, 71,

40 to 29 75, 78, 82, 86, 89, 93, 97,100, 104, 108,
30to 39 112, 115,119, 123, 126, 130, 134, 137, 141, 145,
40 to 43 149,152, 156, 160

Base30 encoding accepts up to 32 input values per group

static const unsigned char bitsForNumbase?O0 ]

Jto9 0, 5, 10, 15, 20, 25, 30, 35, 40, 45,

10 to 19 50, 54, 59, 64, 69, 74, 79, 84, 89, 94,

40 to 29 99,104, 108,113,118, 123,128, 133,138, 143,
30to 32 148,153, 158

Base40 encoding accepts up to 30 input values-per group

static const unsigneds@har bitsForNumbase4O[]

Jto9 0, 6, 11, 16, 22, 27, 32;°38, 43, 48,

10 to 19 54, 59, 64, 70, 75,80, 86, 91, 96,102,

40 to 29 107,112, 118, 123,:¥28, 134, 139, 144, 150, 155,
30 160

Base74 encoding accepts.up to 25 input values per group

statie, const unsigned char bitsForNumbase74[]

(Jto9 0\7 13, 19, 25, 32, 38, 44, 50, 56,
10 to 19 63, 69, 75, 81, 87, 94,100, 106,112, 118,
40 to 25 125,131, 137,143,150, 156

Base84 encoding accepts up to 25 input values per group

static const unsigned char bitsForNumbase84[]

( to.9 0, 7, 13, 20, 26, 32, 39, 45, 52, 58,
10 to 19 64, 71, 77, 84, 90, 96,103, 109, 116, 122,
20 to 25 128, 135, 141, 148, 154, 160
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Table K.2 — Base 30 Character set

Val Basic set Shift 1 set Shift 2 set
Char Decimal | Char | Decimal Char Decimal
0 A-Punc? N/A NUL 0 space 32
1 A 65 SOH 1 ! 33
2 B 66 STX 2 " 34
3 C 67 ETX 3 # 35
4 D 68 EOT 4 $ 36
5 E 69 ENQ 5 % 37
6 F 70 ACK 6 & 38
7 G 71 BEL 7 ! 39
8 H 72 BS 8 ( 40
9 [ 73 HT 9 ) 41
10 ] 74 LF 10 * 42
11 K 75 VT 11 + 43
12 L 76 FF 12 ; 44
13 M 77 CR 13 - 45
14 N 78 SO 14 46
15 0 79 SI 15 / 47
16 p 80 DLE 16 58
17 Q 81 ETB 23 ; 59
18 R 82 ESC 27 < 60
19 S 83 FS 28 = 61
20 T 84 GS 29 > 62
21 U 85 RS 30 ? 63
22 Vv 86 us 31 @ 64
23 W, 87 invalid N/A \ 92
24 X 88 invalid N/A A 94
25 Y 89 invalid N/A _ 95
26 Z 90 [ 91 " 96
27 Shift 1 N/A ] 93 | 124
28 Shift 2 N/A " 123 ~ 126
29 P-Puncb N/A " 125 invalid N/A
a Application-Specified Punctuation character (Value 0 of the Basic set) is defined
by defaulE aJs 'Ehe; ISO/ILEC 646 hyphen character (45dec) but may be redefined by a
registered-dataformat
b Programmable Punctuation character (Value 29 of the Basic set): the first
appearance of P-Punc in the alphanumeric data for a packed object, whether that
first appearance is compacted into the base 30 segment or the base 40 segment,
acts as a <Shift 2>, and also "programs" the character to be represented by second
and subsequent appearances of P-Punc (in either segment) for the remainder
of the alphanumeric data in that packed object. The base 30 or base 40 value
immediately following that first appearance is interpreted using the Shift 2 column
gfl;;lenccttuation) and assigned to subsequent instances of P-Punc for the packed
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Table K.3 — Base 13 Character set

Value Basic set Shift 1 set Shift 2 set Shift 3 set
Char | Deci- | Char | Deci- | Char | Deci- Char | Decimal
mal mal mal
0 0 48 A 65 N 78 space 32
1 1 49 B 66 0 79 $ 36
2 2 50 C 67 P 80 % 37
3 3 51 D 68 Q 81 & 38
4 4 52 E 69 R 82 * 42
5 5 53 F 70 S 83 ¥ 713
6 6 54 G 71 T 84 , 44 Q(],q’
7 7 55 H 72 U 85 - 45
8 8 56 I 73 v 86 . 46
9 9 57 ] 74 W 87 / A
10 | shiftl | N/A | K 75 X 88 ? (, 63
11 | shifz | N/A | L 76 Y 89 o 95
12 | Shift3 | N/A | M 77 Z 90 | <G> 29
N
Table K.4 — Base 40 Characte&s@s\
Val Basic set Shift 1 seto\/ ) Shift 2 set
Char Decimal Char | De@al Char | Decimal
0 See basegb}l”éble
o
29 See'base 30 Table
30 0 48 |
31 1 49 x§
32 2 50
33 3 1
34 4 W 52
35 50 53
36 | ¢ 54
37 - 7 55
3¢ 8 56
(39 9 57
N%
Table K.5 — Base 74 Character Set
Val Char Decimal |Val Char Decimal |Val Char Decimal
0 GS 29 25 F 70 50 d 100
1 ! 33 26 G 71 51 e 101
2 " 34 27 H 72 52 f 102
3 % 37 28 I 73 53 g 103
4 & 38 29 ] 74 54 h 104
5 " 39 30 K 75 55 i 105
6 ( 40 31 L 76 56 j 106
7 ) 41 32 M 77 57 k 107
8 * 42 33 N 78 58 1 108
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Val Char Decimal |Val Char Decimal |Val Char Decimal
9 + |43 34 0 79 59 m 109
10 , 44 35 3 80 60 n  |110
11 - 45 36 Q 81 61 0 111
12 : 46 37 R 82 62 p 112
13 / |47 38 S 83 63 q |113
14 : 58 39 T 84 64 r 114
15 ; 59 40 U 85 65 s 115
b < |60 41 Vv 86 66 tn ] |116
y G 42 w |87 67 _cu [ 117
18 > ez 43 X |88 68 v | s
19 ? 63 44 Y 89 69 97 w |[119
20 A |65 45 z 90 70 2O x| ]120
21 B |66 46 _ 95 710) y | [121
22 C 67 47 a 97 7y z 122
23 D |68 48 b 98 73 Space | |32
24 E |69 49 c 99 ¢« v
\J
Table K.6 — Base 8b®racter Set
Val Char Decimal |Val Cha‘r\\\\ " |Decimal |val Char Decimal
0 FNC1 N/A 25 o F 50 d
1-73 O See base 74 Table
74 0 48 7850 4 52 |82 8 56
7 1 49 79" 5 53 |83 9 57
7¢ 2 50 |, "°80 6 54
77 3 51 o 81 7 55
. \-)‘
@ .
O
@)
@.
Q.
O
N
\<</C)
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Annex L
(informative)

Encoding example for Packed Objects

A number of the techniques that can be invoked when encoding a Packed Object are illustrated with the
following sample input data which consists of data elements from a hypothetical data system. This data

represents:

— An Expiration date (OID 7) of October 31, 2006, represented as a six-digit number 061031,
— An Amoupnt Payable (OID 3n) of 1234.56 Euros, represented as a digit string 978123456 ("

the ISO C
this data
"3n" will
digits fro

— A Lot Nuthber (OID 1) of 1A23B456CD.

The applicatipn will present the above input to the encoder as a listief OID/Value pairs. The re
input data, represented below as a single data string (wher€ineach OID final arc is shd

parentheses)
(7)06103

The example

table, each ID|value is a seven-bit index into the base\ID table; the entries relevant to this exam
shown in Table L.1, for the example in this annex (Annex L).

180

buntry Code which will indicate that the amount payable is in Euros). As;shown in T
blement is all-numeric, with at least 4 digits and at most 18 digits. Inthis’example, t
be "32", where the "2" in the data element name indicates the decimal point is locat
m the right.

S:
1(32)978123456(1)1A23B456CD

uses a hypothetical ID table based on.GS1 Application Identifiers. In this hypot

D78" is
able L,
he OID
bd two

sulting
wn in

hetical
ple are
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Table L.1 — Hypothetical base ID table, for the example in Annex L

K-Version = 1.0

K-TableID = F99B0

K-RootOID = urn:0id:1.0.15961.99
K-IDsize = 128

IDvalue OIDs Data Title FormatString
3 1 BATCH/LOT 1*20an
8 7 USE BY OR EXPIRY 6n
51 3 %x30-39 AMOUNT 4*18
125 (7) (1) EXPIRY + BATCH/LOT (6x)|(1*20an)
K-TablgEnd = F99B0
Encod|ng is performed in the following steps:
— THree data elements are to be encoded, using Table L.1.
— Agshown in the table's IDstring column, the combination of OID 7<and OID 1 is efficierjtly supported
(because itis commonly seen in applications), and thus the encoder re-orders the inpuf so that 7 and
1 are adjacent and in the order indicated in the OIDs columnet
(7)061031(1)1A23B456CD(32)978123456
Ngw, this OID pair can be assigned a single ID value'of 125 (decimal). The FormatString column for
thjs entry shows that the encoded data will always‘consist of a fixed-length 6-digit string, followed
by| a variable-length alphanumeric string.

Also as shown in Table L.1, for the exdmple in this annex (Annex L), OID 3n has
51(decimal). The OIDs column for_this entry shows that the OID is formed by

hn [D value of
Concatenating

"3" with a suffix consisting of a sifigle character in the range 30,4 to 39,¢ (i.e. a decimal digit).

Since that is a range of ten pogssibilities, a four-bit number shall be encoded in the
section to indicate which suffix character was chosen. The FormatString column
shows that its data is variaple-length numeric; the variable length information wi
bits to be encoded in the*Aux format section.

Since only a small\percentage of the 128-entry ID table is utilised in this Pack
encoder chooseés an ID List format, rather than an ID Map format. As this is the d
no format flags'section is required.

This results in the following Object Info section:

—~ EBV-6 (ObjectLength): the value is TBD at this stage of the encoding process

secondary ID
for this entry
1 require four

bd Object, the
efault format,

Pad indicator bit: TBD at this stage

— EBV-3 (numberOfIDs) of 001 (meaning two ID values will follow)

— An ID List, including:
— FirstID value: 125 (decimal) in 7 bits, representing OID 7 followed by OI
— Second ID value: 51(decimal) in 7 bits, representing OID 3n

A secondary ID section is encoded as "0010", indicating the trailing "2" of the

D1

3n OID. It so

happens this "2" means that two digits follow the implied decimal point, but that information is

not needed to encode or decode the Packed Object.

Next, an Aux format section is encoded. An initial "1" bit is encoded, invoking the Packed-Object
compaction method. Of the three OIDs, only OID (3n) requires encoded Aux format information:

© ISO/IEC 2022 - All rights reserved
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a four-bit pattern of "0101" (representing "six" variable-length digits - as "one" is the first
allowed choice, a pattern of "0101" denotes "six").

Next, the encoder encodes the first data item, for OID 7, which is defined as a fixed-length six-digit

dataitem. The six digits of the source data string are "061031", which are converted to a sequence
of six base 10 values by subtracting 30,4 from each character of the string (the resulting values
are denoted as values v5 through v0 in the formula below). These are then converted to a single
binary value, using the following formula:

105 * ve + 104 * v+ 103 * v+ 102 * v+ 101 * v+ 100 * v,

According to Table K.1, a six-digit number is always encoded into 20 bits (regardless of anyleading

zero'

The next
encoding

Next, the
whose ley

subsection. Thus, a Known-Length-Numeric subsection is encoded for-this data item, consig

a binary
shall be €
equivaler

"111(

— At this pdint, encoding of the Known-Length Numeric Subsection of the data section is comp

Note that, so
representing
encode the P4
two Known- ||

At this stage,
subsection. T
requiring a bz
numeric base
string has no
two bits are

full 10-bit Ch{
specific sequd

in the input), resulting in a binary string of:
"0000, 11101110, 01100111,"

data item is for OID 1, but since the table indicates that this OID's data\is alphany

encoder finds that OID 3n, is defined by Table L.1 for the example/in-Annex L as all-ny
)gth of 9 (in this example) was encoded as (9 - 4 = 5) into four bits within the Aux

alue bit-pattern encoding 9 digits. Using Table K.1, the encoder determines that
ncoded to represent a 9-digit number as a binary valu€yIn this example, the binary
t of "978123456" is the 30-bit binary sequence:

10010011001111101011000000,"

far, the total number of encoded bitsis(3+6+1+7 +7 +4 +5+ 20 + 30) or §
the IDLPO Length section (assumihg that a single EBV-6 vector remains suffic

ength-Numeric compacted bihar'y fields.

only one non-numeric data'string (for OID 1) remains to be encoded in the alphan
he 10-character source ‘data string is "1A23B456CD". This string contains no chai
se 30 Shift out of the basic base 30 character set, and so base 30 is selected for tH
(and so the first’bit of the Alphanumeric subsection is set to "0" accordingly). Th
substrings with six or more successive characters from the same base, and so th
et to "00" (indicating that neither a Prefix nor a Suffix is run-length encoded). ]
iracter Map-shall be encoded next. Its specific bit pattern is "0100100011", indicat
nce of digits and non-digits in the source data string "1A23B456CD".

Up to this p

ojnt,-thie alphanumeric subsection contains the 13-bit sequence "0000100100011"
Annex K, it CWMM@AM@W

meric,

into the Packed Object is deferred until after all the known-length nuni€ric data is enicoded.

meric,
format
ting of
B0 bits
 value

ete.

3 bits,
ent to

cked Object's length), two 7-bit ID‘values, the secondary ID and Aux format sections, and

lmeric
acters
e non-
e data
e next
'hus, a
ng the

From

[0 and

base 30 components of the source data string) are 20 bits (for the six digits) and 20 bits (for the four
uppercase letters using base 30). The six digits of the source data string "1A23B456CD" are "123456",

which encode
"0001111

which is appe

s to a 20- bit sequence of:
0001001000000,"

nded to the end of the 13-bit sequence cited at the start of this paragraph.

The four non-digits of the source data string are "ABCD", which are converted (using Table K) to a
sequence of four base 30 values 1, 2, 3, and 4 (denoted as values v3 through vO0 in the formula below.
These are then converted to a single binary value, using the following formula:

303 * vy +

182

302*v, +301 *v; +300*v,
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In this example, the formula calculates as (27000 * 1 + 900 * 2 + 30 * 3 + 1 * 4) which is equal to 070DE
(hexadecimal) encoded as the 20-bit sequence "00000111000011011110" which is appended to the end
of the previous 20-bit sequence. Thus, the alphaNumeric section contains a total of (13 + 20 + 20) or
53 bits, appended immediately after the previous 83 bits, for a grand total of 136 significant bits in the

Packe

d Object.

The final encoding step is to calculate the full length of the Packed Object (to encode the EBV-6 within
the Length section) and to pad-out the last byte (if necessary). Dividing 136 by eight shows that a total
of 17 bytes are required to hold the Packed Object, and that no pad bits are required in the last byte.
Thus, the EBV-6 portion of the Length section is "010001", where thi EBV-6 value indicates 17 bytes in
the Object. Following that, the pad indicator bit is set to "0" indicating that no padding bits are present

in the

The c

0

ordered as: (7)061031(1)1A23B456CD(32)978123456

FQRMAT FLAGS SECTION: (empty)
OBJECT INFO SECTION:

SHCONDARY ID SECTION:

AUX FORMAT SECTION:

DATA SECTION:

ast data byte.

plete encoding process may be summarised as follows:

figinal input: (7)061031(32)978123456(1)1A23B456CD Re-

¢bvObjectLen: 010001,
paddingPresent: 0,

¢bvNumlIDs: 004,
[Dvals: 1111101, 0110011,

Dbits: 0010,

uxFormatbits: 1, 0101,

Lnumeric: 00004 31101110, 01100111, 111010, 01001100, 11111010, 11000000,
Nheader: 0,
Nprefix: 05
Nsuffix: 0,

Nmap: 01, 00100011,

ANdigitVal: 0001, 11100010, 01000000,
ANnonDigitsVal: 0000, 01110000, 11011110,

Padding: none

Total bits in Packed Object: 136; when byte aligned: 136

Outputas: 44 7E B3 2A 87 73 3F 49 9F 58 01 23 1E 24 00 70 DE

Table L.1 shows the relevant subset of a hypothetical ID table for a hypothetical [SO-registered data
format 99.
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Annex M
(informative)

Decoding Packed Objects

M.1 Overview

The decode pfocess begins by decoding the DSFID. If the leading two bits indicate the Packed(
Access Method, then the remainder of this annex applies. From the remainder of the DSFID;.det¢
the data fornjat, which shall be applied as the default data format for all the Packed Objects

memory. Fro
values in eacH

Typically, the]
complete the
has been aske
fixed lengths
order to pars

the data format, determine the default ID table that shall be used te@ process
Packed Object.

decoder takes a first pass through the initial ID values list, @s described ear
ist of identifiers. If the decoder finds any identifiers of interestin-a Packed Object
d to report back all the data strings from a tag's memory), then'it shall record the i
(from the ID table) and the encoded variable lengths (frontthe Aux format subsect
b the Packed Object's compressed data. The decoder, whenTrecording any variable-

bit patterns, must first convert them to variable string lengths per{the table (for example, a th

pattern may i

Starting at th
contents unti
pattern is rea

Determine fr(

a) There ar
indicates
b) Oneorm

described

A directo
then cont

<)

d) A format

described
e) A default;

If the Packed

hdicate a variable string length in the range of twe-t6 nine).

e first byte-aligned position after the end of.the DSFID, parse the remaining m
| the end of encoded data, repeating the remainder of this section until a termi
ched.

m the leading bit pattern (see 1.4) which one of the following conditions applies:

e no further Packed Objects in_memory (if the leading 8-bit pattern is all zerog
the terminating pattern).

bre padding bytes are present. If padding is present, skip the padding bytes, which
in Annex I, and examine-the first non-pad byte.

ry pointer is encoded. If present, record the offset indicated by the following byt
inue examining from the next byte in memory.

flags section is present, in which case process this section according to the
in Annéxyl:

format Packed Object begins at this location.

bjects
brmine
in this
the ID

ier, to
[or if it
mplied
on), in
length
ree-bit

emory

nating

s, this

are as

s, and

format

Object hrasa formmat flagssection; them thissectionr may imdicate that the Packed

Object

is of the ID Map format, otherwise it is of the ID List format. According to the indicated format, parse
the Object Information section to determine the Object Length and ID information contained in the
Packed Object. See Annex I for the details of the two formats. Regardless of the format, this step results
in a known Object length (in bits) and an ordered list of the ID values encoded in the Packed Object.
From the governing ID table, determine the list of characteristics for each ID (such as the presence and
number of secondary ID bits).

Parse the secondary ID section of the Object, based on the number of secondary ID bits invoked by each
ID value in sequence. From this information, create a list of the fully qualified ID values (FQIDVs) that
are encoded in the Packed Object.

Parse the Aux format section of the Object, based on the number of Aux format bits invoked by each
FQIDV in sequence.
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Parse the data section of the Packed Object:

a)

b)

For ea

c)

d)

M.2 DPecoding Alphanumeric data
Withiy

If one or more of the FQIDVs indicate all-numeric data, then the Packed Object's data section
contains a Known-Length Numeric subsection, wherein the digit strings of these all-numeric items
have been encoded as a series of binary quantities. Using the known length of each of these all-
numeric data items, parse the correct numbers of bits for each data item, and convert each set of
bits to a string of decimal digits.

If (after parsing the preceding sections) one or more of the FQIDVs indicate alphanumeric data
of nonzero length, then the Packed Object's data section contains an AlphaNumeric subsection,
wherein the character strings of these alphanumeric items have been concatenated and encoded
into the structure defined in Annex I. Decode this data using the "Decoding Alphanumeric data"
priocedure outlined below.

Ch FQIDV in the decoded sequence:

d format's ID
b is defined in

copvert the FQIDV to an OID, by appending the OID string defined in the-registers
taple to the root OID string defined in that ID table (or to the default Root/OID, if non
th table);

complete the OID/Value pair by parsing out the next sequence of.décoded characters
thjs sequence is determined directly from the ID table (if the FQIDV is specified as fi
from a corresponding entry encoded within the Aux format section.

The length of
xed length) or

the Alphanumeric subsection of a Packed @bjéct, the total number of data chafracters is not

encod¢d, nor is the bit length of the character mé@p) nor are the bit lengths of the succ
sections (representing the numeric and non-n@imeric binary values). As a result, the
implernent a procedure using knowledge of the remaining number of data bits, to corre
alphaNumeric section. An example of an appropriate procedure is described in this subcl3

When
non-bi
count)

The prjocedure can then calculate, from the remaining number of bits, the number of expl

charad
used),

The A
Deterr

Ke
Al

decoding the A/N subsection using this procedure, the decoder will first count {
fmapped values in each base (as indicated by the various Prefix and Suffix Runs), 3
will determine the numbet of bits required to encoded these numbers of values i

ter map bits. After separately decoding the various binary fields (one field for each
the decoder "re-inferleaves” the decoded ISO/IEC 646 characters in the correct ord

N subsection. decoding procedure is as follows:
hine the total number of non-pad bits in the Packed Object, as described in 1.8.3.

ep a~count of the total number of bits parsed thus far, as each of the subsection|
phantmeric subsection is processed.

beding binary
decoder shall
Ctly parse the
luse.

he number of
nd (from that
h these bases.
citly encoded
base that was
er.

s prior to the

Map, and add this number to previous value of TotalBitsParsed.

(which may be zero).

(which may be zero).

th

e Prefix and Suffix (which may be zero).

Prefix and Suffix (which may be zero).

©150/1
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Parse the initial header bits of the alphanumeric subsection, up to but not including the Character

Initialize a DigitsCount to the total number of base 10 values indicated by the Prefix and Suffix

Initialize an ExtDigitsCount to the total number of base 13 values indicated by the Prefix and Suffix

Initialize a NonDigitsCount to the total number of base 30, base 74, or base 256 values indicated by

Initialize an ExtNonDigitsCount to the total number of base 40 or base 84 values indicated by the
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Calculate Extended-base bit counts: Using the tables in Annex K, calculate two numbers:

ExtDigitBits, the number of bits required to encode the number of base 13 values indicated by
ExtDigitsCount, and

ExtNonDigitBits, the number of bits required to encode the number of base 40 (or base 84)
values indicated by ExtNonDigitsCount.

Add ExtDigitBits and ExtNonDigitBits to TotalBitsParsed.

Create a PrefixCharacterMap bit string, a sequence of zero or more quad-base character-map pairs,
as indicated by the Prefix bits just parsed. Use quad-base bit pairs defined as follows:

"00,"indicates a base 10 value;
"01,"lindicates a character encoded in base 13;
"10,"lindicates the non-numeric base that was selected earlier in the A/N header;

"11,"lindicates the Extended version of the non-numeric base that was selected earlier;

Create a JuffixCharacterMap bit string, a sequence of zero or more quad:base character-may pairs,

as indicatfed by the Suffix bits just parsed.

Initialize the FinalCharacterMap bit string and the MainCharactetzMap bit string to an emptystring.

Calculate[running bit counts: Using the tables in Annex B, caletilate two numbers:

set AlnuIBits equal to the sum of DigitBits-plus NonDigitBits.

if the su

DigitBits, the number of bits required to encode the number of base 10 values currently indicated
by DigitsCount,

NonIigitBits, the number of bits required toéncode the number of base 30 (or base 74 ¢r base
256) values currently indicated by NonDigitsCount,

of TotalBitsParsed and AlnumBits equals the total number of non-pad bits in the Packed

Object, tHen no more bits remain terbe parsed from the character map, and so the remainjing bit
patterns,|representing binary valués, are ready to be converted back to extended base valugs and/
or base 1p/base 30/base 74/base 256 values (skip to the Final Decoding steps below). Othgrwise,
get the nfext encoded bit from the encoded Character map, convert the bit to a quad-bdase bit-
pair by cpnverting each("05" to "00," and each "1," to "10,", append the pair to the end|of the

MainChargacterMap bit'string, and:

If thelencoded map bit was "0,", increment DigitsCount,

Else if "1,",increment NonDigitsCount,
Loop )

Final Decoding steps: once the encoded Character Map bits have been fully parsed:

Fetch the next set of zero or more bits, whose length is indicated by ExtDigitBits. Convert this
number of bits from binary values to a series of base 13 values and store the resulting array of
values as ExtDigitVals.

Fetch the next set of zero or more bits, whose length is indicated by ExtNonDigitBits. Convert
this number of bits from binary values to a series of base 40, base 84, or base 30 values
(depending on the selection indicated in the A/N header) and store the resulting array of values
as ExtNonDigitVals.

Fetch the next set of bits, whose length is indicated by DigitBits. Convert this number of bits from
binary values to a series of base 10 values and store the resulting array of values as DigitVals.
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Fetch the final set of bits, whose length is indicated by NonDigitBits. Convert this number of
bits from binary values to a series of base 30 or base 74 or base 256 values (depending on the
value of the first bits of the Alphanumeric subsection) and store the resulting array of values as

NonDigitVals.

Create the FinalCharacterMap bit string by copying to it, in this order, the previously created
PrefixCharacterMap bit string, then the MainCharacterMap string, and finally append the
previously- created SuffixCharacterMap bit string to the end of the FinalCharacterMap string.

Create an interleaved character string, representing the concatenated data strings from all of
the non-numeric data strings of the Packed Object, by parsing through the FinalCharacterMap,

and

Once {
Startirn
to eac
corres|

DigitVals to InterleavedString (add 48 to each value to convert to ISO/IEG 64

ExtDigitVals, and use Table K-2 to convert that value to ISO/IEC 646 (or, if the

ISO/IEC 646). Store the result to InterleavedString;

— For each "10," bit-pair encountered in the FinalChatracterMap, get the next c
NonDigitVals, convert its base value to an ISO/IE€ 646 value using Annex K,

value for every base 30 Shift values encountered, to create and store a singl
character.

— For each "11," bit-pair encountered irithe FinalCharacterMap, get the next c

described.

h such entry, ending eaclhi-copy operation after the number of characters ind

— For each "00," bit-pair encountered in the FinalCharacterMap, copy the nelxt value from

b characters);

— For each "01," bit-pair encountered in the FinalCharacterMap, fetch’ the next value from

yalue is a base

13 shift, then increment past the next "01" pair in the FinalCharacterMap, and use that base
13 shift value plus the next base 13 value from ExtDigitVal§ to convert the pdir of values to

haracter from
and store the

resulting ISO/IEC 646 value into InterleavedString. Fetch and process an additional base 30

> 1SO/IEC 646

haracter from

ExtNonDigitVals, convert its base xalue to an ISO/IEC 646 value using Annek K, and store
the resulting ISO/IEC 646 value into InterleavedString, processing any Shifts as previously

he full FinalCharacterMap hasybeen parsed, the InterleavedString is completdly populated.
1g from the first AlphaNumeric entry on the ID list, copy characters from the IntgrleavedString

cated by the

ponding Aux format length bits, or at the end of the InterleavedString, whichever cpmes first.
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Annex N
(normative)

Tag Data Profile encoding

N.1 General

This annex d¢fines the encoding rules for Tag Data Profiles. Because this Access-Method uses
in effect, an external "directory"” as represented by the Tag Data Profile Table, header informatio
be encoded o1 the RFID tag so that the relevant table can be called for encoding and decodihg pui

N.2 Encoding

The encoding|scheme is designed to support the encoding of any type of application data using e
or newly registered Data-Formats, as follows:

— The data format may be any one of the registered data formats.
— It may bela new registration, subject to the rules of ISO/IEC 15961-2.

— Inthe casg of small applications that do not justify their owzn data format, then Data-Format =
be used.

Each Tag Datg Profile scheme shall be registered with ®he Registration Authority of ISO/IEC 17
with the data|profile number being a detailed qualifiér'to the Access-Method.

The Access-Method and Data-Format shall be encoded in the DSFID in the normal manner as def
9.3.6 and 9.3.7 (if applicable) and based on the rules of the particular Tag Driver.

N.3 Registiered Table

A Tag Data Hrofile table, specified in detail in Annex O, shall be registered with the Regis
Authority for ISO/IEC 15961-2(If)ithe Tag Data Profile table is for a data element list in a multiple
(see R.5.4), then the assigned.table number shall begin with "9".

The table is d¢signed to\be machine readable and is in two parts. The table header identifies:

— A version/number for the table;

rhat is,
n shall
poses.

Kisting

2 shall

961-2,

ned in

ration
record

— Information to enable interpretation of the input string of data;

— The Data-Format;

— The Tag-Data-Profile registration number (which also acts as a unique table ID);

— The Root-OID for external communication through ISO/IEC 15961-1 and ISO/IEC 24791-2 and

ISO/IEC 24791-5;
— The number of Relative-OIDs encoded as part of the Tag-Data-Profile scheme.

The url for the table does not need to be on the table but shall be part of the registration process.

The main part of the table has an entry for each data element with the following column headings:

— The sequence number of the data element encoded on the tag, starting from zero.
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N.4

N.4.1| Segments

The
It is

encoding for the header segment and concatenate these two segments.

N.4.2 | Header segment

The

follow|the DSFID, if this is encoded as part of the usedunemory.

NOTE 1 For some tag types, the DSFID is encoded in a separate memory area.

The

ISO/IEC 15962:2022(E)

The Relative-OID associated with that data element. By having the two columns, the organisation
of data elements can be in pre-determined groups, for example the more important ones in the first
positions, or to group locked and unlocked data elements together.

Alock data element indicator.
A block align indicator.
The length and format of the user data.

The code for the ISO/IEC 15962 basic compaction scheme that is applied to the user data, including
UTF-8 and application-defined.

The compacted length (in bytes).

Encoding the Tag Data Profile on the RFID tag

erjcoding on the tag consists of two segments: a header segment,and the data encofling segment.
nfore effective to carry out a preliminary encoding of the cempacted data, then determine the

hgader segment shall be encoded on the RFID tag @nd’precede any data encoding, andl immediately

structure of the header segment shall censist (in sequence) of:

The registered Tag-Data-Profile scheme number, using the same structure as used for length
erjcoding as defined in 9.3.11.

NOTE 2 This means that the number of Tag-Data-Profile schemes can be extended to over 16,000 in two bytes

but coyld even extend beyond this point.

One byte to indicate-the length of the encoded header. This includes any padding bytes to align the
header on a boundary relevant to the type of tag, for example to a word or block bourjdary.

One byte to ifidicate the number of bytes per block. The term block in this case is defined as the
mnimum size that can be locked in the tag.

ddfinéd as the minimum unit that can be read or written. These different values shall pe considered

Fgr some* tag types this is a different value to the one generally used in the docuT)ent, which is
during theencoding process:

The encoded length of the entire Tag-Data-Profile using the method defined in 9.3.11.

The root-OID when Data-Format = 2. This shall be encoded as defined in D.5.3. This field is only
encoded if Data-Format = 2.

NOTE 3  Because the presence of this component is declared by the Data-Format and because the size of the
root-OID is self-declaring it can be encoded in this sequence in the structure and subsequently decoded.

Any padding to the end of the header, using byte 80,,. This field is only encoded to achieve some
alignment (e.g. for achieving a block boundary between the tag header and the encoded data.

This structure for the header information enables the Tag-Data-Profile ID table to be logical in structure

and

for tags with different block sizes to be used with the same Tag-Data-Profile.
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N.4.3 Encoded data segment

N.4.3.1 Description

This segment simply consists of a contiguous byte string representing the compacted bytes supported
by any necessary pad bytes (byte 80,;) for block alignment. There are two main reasons for aligning to
a block boundary:

— to ensure that all the bytes of a dataset that is intended to be locked are properly aligned with
adjacent datasets, and/or

— toaligna

dataset to begin on a block boundary for faster read access to that data.

ISO/IEC 1596
in their proce
defined in th
Data-Profile s
then the entin

N.4.3.2 Bas

[-1 commands and ISO/IEC 24791-2 messages provide information about objectdidef
5ses. These are used to communicate to the encoding process, which shall foHow th
e table with each data element encoded in the sequence defined by themegisterg
cheme table. If any data element is missing in the initial command or jtslength is
e process shall be an error.

c compaction

Each data Oth?ct shall be compacted according to the declared compaction’ code. If the characte

supported, t
for selecting
requiring intq
ensure a cons

between compaction schemes. For example, an all-iumeric string may be defi
ger compaction, even if this begins with a leading-zéro. This deterministic approa
tant size of compacted data for each data Object!

As the encoddd length is required to be declared for the Tag*Data-Profile, the following additiona

shall apply:

— Ifthe dec]ared compaction scheme is integer (code 001) leading zeros shall be inserted to m|
the length.

— If the de¢lared compaction scheme is ‘any other, then the compaction shall satisfy the re
length, otherwise there is an error.

N.4.3.3 Enc
The first enco

Athree-step |
datasets:

pding to the Logical Memory
ded compacted.dataset always begins on a block boundary.

rocess is required to establish the starting position of the next and subsequent com

a) Considering the.lock-block size of the tag being encoded, determine whether the previoy

dataset e

ndS-om a lock-block boundary.

itifiers
e rules
d Tag-
onger,

I set is

compaction shall over-ride any optimisation rules for, the No-Directory Access-Nlethod

hed as
his to

I rules

nke up

quired

pacted

s data

profile. Compact the current Object and evaluate as from the beginning of this step.

Otherwise continue at Step b).

b) Consider the BOOLEAN arguments for locking this dataset and the previous dataset.

If so mark-up for the previous dataset all the blocks to be locked or unlocked as specified by the

If they are different, invoke the Offset (see D.8) and insert, if necessary the required number of

pad bytes (80;4) after the previous Object to reach a lock-block boundary. Compact this Object
and evaluate as from the beginning of step a).

190

If they are the same, continue at step c).
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c) Consider the BOOLEAN argument for write-block aligning this dataset.

If TRUE, invoke the Offset and any necessary pad bytes to the previous dataset to reach a write-
block boundary. Compact this Object and evaluate as from the beginning of step a).

— If FALSE, compact this Object and evaluate as from the beginning of step a).

In practice, because the number of lock-block and write-block sizes are likely to be few for a particular
tag, a set of basic pro forma structures can be established for encoding to a particular Tag-Data-Profile.
Furthermore, for those tag types where the lock-block and the write-block are identical, the process is

even more deterministic and simpler to implement.

N.5

N.5.

]

1

Variou
Data-H
encodi

a)

b)

d)

e)
f)

g)

If

Ad
DS
th

Re
in

complete header segment before decoding cantbegin.

N(
re

Id
in
tr

If

id
an
ac
ca
an
inj

Uf{

Decoding the Tag Data Profile

Decoding Tag Data Profiles with an ID table

ng can or cannot be based on a Tag-Data-Profile, the following préocess is considere

the RFID tag supports the encoding and reading of the DSFID,from a separate mer
cess-Method "11" will clearly indicate encoding in conférmiance with Tag-Data-F
FID is not encoded and read as part of a separate process, it shall be captured as
e header segment.

ad a limited amount of the user data to establisl the Access-Method, Data-For
formation from the header segment. Effectively the generic reading process sha

TE Unless the Data-Format = 2, where the length of the root-OID can vary, reading
urn the header segment in most cases.

entify the length of encoding, andif this is capable of being read by the applicatio}

hinsfer option.

the encoding is large. and only selected data is required, use the Tag-Data-Prof]
entify the block(s)«that contain the appropriate data elements and return these.
d number of compacted bytes is specified in the ID table. To determine the ac
count shall be taken of the block size and any alignment for locked and block-aligr
[lculations can*be achieved using information in the ID table and the block siz
d end peirt of the header segment from the header segment in the tag. This pr
plemented in the interrogator or in application software.

s strategies can be used to decode the Tag-Data-Profile. In a systeny that only expects the Tag-
rofile, many of the steps discussed below can be omitted. In a more‘general situatjon where the

appropriate:

hory, then the
rofiles. If the
h preamble to

nat and other
| capture the

8 bytes should

h with one air

rerface transaction, read the appropriate number of blocks using the most efficient air interface

ile scheme to
The sequence
tual location,
ed data. Such
b information
ocess may be

e the EncodeLength data (from the ID table) to select the relevant compacted byteg.

De-compact these using the ISO/IEC 15962 basic de-compaction rule as declared by the
CompactCode (from the ID table).

Associate the de-compacted data element to the object identifier and process any response.

N.5.2 Decoding Tag Data Profiles without an ID table

Because the structure of the encoded header segment is self-declaring, it is possible to read all the
encoded blocks on the RFID tag (i.e. those where at least one byte is non-zero) and carry out some basic
processing.

If Data format = 2, then the root-OID is encoded. The encoding ensures that the structure and length are
self- declaring.
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Once the details of the header segment have been decoded, the datasets are decoded in the same
manner as for bytes encoded to a No-Directory structure. It is possible to partially decode datasets that
are not requested by the application command by only processing the Precursor and length of encoded
data until the target Relative-OID is found.

N.6 Modifying data

If the Tag-Data-Profile scheme supports the ability for the application to modify data, then this can be
achieved, so long as the encoded data remains the same encoded length. Additional pad bytes, as used
in the tag header, cannot be used because the decoder is always expecting a fixed number of encoded
bytes.
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Annex O
(normative)

Tag Data Profile ID tables

0.1 General

This a
These
denotg

0.2

A Tag-

A keyy
charad

d by ISO/IEC 15961-2.

Tag-Data-Profile Data-Format registration file structuré

Data-Profile registered Data-Format file consists of a series of "Keyword lines" and

vord line consists of a keyword (which always starts with. 'K3") followed by an eq
ter string, which assigns a value to that keyword. Some kéyword lines shall appea

nex defines the Tag-Data-Profile ID table format definition, to be used by all registj&red ID tables.
ID tables, customised for each data system, will be registered with the Registratfion Authority

one ID table.

1al sign and a
- only once, at

the top of the registration file, and others may appear multipletimes, once for each ID table in the file.

AnID
input d

able lists a series of ID values. Each row of an ID_table contains a set of columns th
lata and the encoded structure:

— IDI;alue;
— OID (defining the Relative-OID);

— Ld

— Bl
bl

ckData,a BOOLEAN argument andifTRUE indicating that the data, when encoded, s

bckAlign, a BOOLEAN argument and if TRUE indicating that the encoded data sh
bck boundary;

— FgrmatString to define the-input data;

— Cd
— En
To illu

mpactCode to define the ISO/IEC 15962 basic compaction schemes;

codeLength.

hypothetical-data system, each ID value is associated with one OID and other features.

includ

s five)OIDs with the following constraints:

strate the ‘file format, a hypothetical data system registration is shown in Tab

ht identify the

hall be locked;

bl begin on a

e 0.1. In this
This example

_ vl1
_ "7
- vl9

for 18-digit serialised traceability code that snall be IocKed;
" for a 6-character batch number;

" for an expiry date 8-digit format YYYYMMDD that shall be write block aligned;

— "17" for the manufacturing plant as a 3-alpha code;

— "14" for a 5-byte hex code.
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Table 0.1 — Hypothetical data format registration file

K-Version = 1.0
K-Interpretation = [SO-8859-1
K-ProfilelD = F150P123
K-Root-OID = urn:o0id:1.0.12345

K-Idsize =5
IDvalue oID LockData BlockAlign FormatString CompactCode En-
codeLength

00 T T 18 DIGITS 001 8
01 F F 6 CHARS 100 5
02 F T 8 DIGITS 001 4
03 17 F F 3 ALPHAS 011 2
04 14 F F 6 HEXES 110 3

K-Tablefnd = F150P123

The following subclauses explain the syntax shown in the figure.

0.3 File h¢ader section
The defined keyword lines in the file header (the first portion of-évery registration file) are:

— (Mandatqry) K-Version = nn.nn, which the registering body assigns, to ensure that any [future
revisions|to their registration are clearly labelled.

— K-Interprgtation = string, where the "string" argtiment shall be one of the following: "IS)-646",
"[SO-8859-1, "UTF-8". The default is ISO-8859-1\to align the basic processes of this document.

0.4 Table header section

One or more [fable header sections (each”introducing an ID table) follow the file header section. Each
Table header |begins with a K-TableI[D-keyword line, followed by a series of additional requir¢ed and
optional keyword lines, as follows:

— (Mandatdry) K-ProfileID"=-FnnPnn, where Fnn represents the [SO-assigned data format nfimber,
and Pnn is the ISO assignéed Table ID for each ProfilelD.

— (Mandatdry) K-RgotOID = urn:oid:i.j.k.ff where:

— 1, j, and kfape the leading arcs of the OID (as many arcs as required) and ff is the last arq of the
Root DIBwhich can be the registered data format number);

— (Mandatory) K-IDsize = nn, where nn represents the number of OIDs in the encoded Tag Data
Profile.

The end of the table header section is the first non-blank line that does not begin with a keyword. This
first non-blank line shall list the titles for every column in the ID table that immediately follows this
line.

0.5 Table trailer section
Each ID table ends with a required keyword line of the form:

K-TableEnd = FnnPnn, where FnnPnn shall match the K-ProfileID keyword line that introduced the
table.
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The syntax and requirements of all Mandatory columns shall be as described 0.6.

0.6 Mandatory ID table columns

0.6.1 General

Each ID table in a Tag Data Profile registration shall include several columns as defined in the following
subclauses.

0.6.2 IDvalue column

Each ID table in a Tag Data Profile registration shall include an IDvalue column. The, first row shall
define|the ID value zero, and successive rows shall increment monotonically until the sjze defined by
the keyword line containing K-IDsize. This column defines the sequence of encoding'en the RFID tag.
0.6.3 | OID column

Each ID table in a Tag Data Profile registration shall include an OID column:. The OID valyie may be any
Relatiye-OID specified for the Root-OID.

0.6.4 | LockData column

Each ID table in a Tag Data Profile registration shall include'a LockData column. Using a BOOLEAN

argumlent this declares the application requirements todock the encoded bytes that are

derived from

the ingut data.

0.6.5| BlockAlign column

In addjition to any block alignment to achieyé.the correct locking of data, there may be[an additional

requirement to begin the encoding of a comipacted data Object on a block boundary, for example to

enablg air interface commands to call specifically for a particular encoded Object.

0.6.6 | FormatString column

Each ID table in a Tag Data Profile registration shall include a FormatString column to dgfine the data

charadteristics and fixed length of the data associated with a particular identifier, to facilitate data

compaction. The input characters shall be in conformity with IETF RFC 4234. Table 0.2 sHows the input

data fprmat and thepossible ISO/IEC 15962 compaction schemes. For any given datal element, one

compaction scheme'shall be selected and specified in the ID table.

Table 0.2 — DataFormats and ISO/IEC 15962 Compactions
Input data Char value (HEX) Description CompactCode
format

DIGIT %x30-39 0-9 001 (integer) for numeric strings = 2 digits
and with leading digit # 0
010 (numeric) for numeric strings = 2 digits
and with leading digit =0
110 (octet) for single digit string

HEXDIG DIGIT /"A" /"B" /"C"/ 110 (octet)

"D" /"E" /"F"

ALPHA %x45-5A / %x61-7A |A-Z/a-z 011 (5-bit) for A-Z strings = 3 chars
101 (7-bit) for a-z strings = 8 chars 110 (octet)
for other shorter strings
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Table 0.2 (continued)

Input data Char value (HEX) Description CompactCode
format
VCHAR %x21-7E visible (printing) characters|100 (6-bit) for char 20 to 5F;¢ = 6 chars 101

(7-bit) for strings = 8 chars
110 (octet) for other shorter strings

CHAR %x01-7F any 7-bit ISO/IEC 646 char-|100 (6-bit) for char 20 to 5F;¢ = 6 chars 101
acter, excluding NULL (7-bit) for strings = 8 chars

110 (octet) for other shorter strings

OCTET 0% x00-FF 8 bhits of data 110 (actet) for other shorter strings

0.6.7 CompactCode

Each ID table|in a Tag Data Profile registration shall include a CompactCode column¢This defines the
ISO/IEC 1596p compaction scheme that shall be applied to the data string, rather thanleave thif as an
automatic chdice by the encoder. The table shows logical choices that should be follewed, but th¢re are
process rules|that differ from the No-Directory encoding. For example, because the ID table shows the
length of the application data it is possible for the integer compaction to beuSed with numeric $trings
beginning with 0.

This code is a]so relevant to decode the encoded bytes.

0.6.8 EncofleLength

Each ID tablel in a Tag Data Profile registration shall include an EncodeLength column. This defines
the number of bytes required to encode the application data. It is used to parse the encoded bytes to
identify the byte string for de-compaction into the application data.
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Annex P
(informative)

Encoding example for Tag Data Profile

P.1 Overview

Severg
is base

— T}
— Th
— Th
— Th

P2 |

P2.1

The fiy
follow:

The d3
itisre
which
has th

d on the Profile structure as illustrated in Table 0.1, with the following additienal
e lock-block size is 8 bytes
e write-block size is 2 bytes
e DSFID is encoded in user memory
e five data elements have the following values:
Relative-OID 1 = 0123456789121345678
Relative-OID 7 = AB12XY
Relative-OID 9 = 20091231
Relative-OID 17 = JPN
Relative-OID 14 = A2B380

Fncoded data segment

Encoding the first dataset

st dataset requires a.Precursor that identifies the compaction scheme used and the
ed by the length ofthe compacted data.

ta associated\with Relative-OID 1 compacts as 00 2B DC 54 5E 14 D6 4E. Itis 8 b

is not block aligned. The Precursor shall be set to indicate that it is followed by an
e bit sequence:

_12

1 of the techniques that can be invoked when encoding a Tag-Data-Profile in the following example

nputs:

Relative-OID,

tes long, and

quired tobelocked. Adding the Precursor and length byte makes for a total length of 10 bytes,

Dffset byte, so

teindicate that an Offset follows;

— 001, to indicate the compaction scheme;

— 0001, to indicate the Relative-OID.

The Precursor has the hexadecimal value 91 and is followed by the Offset byte with the value 05
indicating five pad bytes after the compacted data to align on the boundary of an 8-byte lock block. So,
the first dataset of 16 bytes has the byte string of:

91 05 08 00 2B DC 54 5E 14 D6 4E 80 80 80 80 80

The dataset is marked-up as requiring locking.
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P.2.2 Encoding the second dataset

The second dataset requires a Precursor that identifies the compaction scheme used and the Relative-
0ID, followed by the length of the compacted data.

The data associated with Relative-OID 7 compacts as 04 2C 72 61 98. It is 5 bytes long and does not
require to be locked. Adding the Precursor and length byte makes for a total length of 7 bytes, which
is not block aligned. As the next dataset shall remain unlocked, no pad pads are required for lock-block
purposes. However, the next dataset shall begin on a write-lock boundary, so some re-alignment is
required comprising one byte. The Precursor shall be set to indicate that it is followed by an Offset byte,
so has the bit sequence:

— 1, to indifate that an Offset follows;

100, to indicate the compaction scheme;

— 0111, to Indicate the Relative-OID.

The Precurso
indicating tha
string of:

r has the hexadecimal value C7 and is followed by the Offset byte-with the vallue 00
t of itself it provides sufficient pad bytes. So, the second datasetof 8 bytes has tHe byte

C70005042C726198

The dataset i marked-up as not requiring locking.

P.2.3 Encofling the third dataset

The third dat
OID, followed

Qset requires a Precursor that identifies the ¢ompaction scheme used and the Rqlative-

by the length of the compacted data.

The data ass
require to be
required blod
the Precursof

hciated with Relative-OID 9 compacts as 01 32 91 5F. It is 4 bytes long and dd
locked, but it does require to be-aligned for reading and writing. The previous ¢
k alignment, so this dataset is encoded from the beginning of a block boundary.
and length byte makes for a tetal length of 6 bytes. As this is block aligned on the

es not
ataset
\dding
2-byte

boundary, no [Offset and no pad bytes are-tequired. The Precursor so has the bit sequence:

— 0, to indifate that no Offset follows;

— 001, to injdicate the compaction scheme;

ndicate the Relative-OID.

1001, to

The Precurso hset of

8 bytes has th

I has thehexadecimal value 19 and is followed by the length byte. So, the third dat
e byte-string of:

19 04 01 3291 5F

The dataset is marked-up as not requiring locking.

P.2.4 Encoding the fourth dataset

The fourth dataset requires a Precursor that identifies the compaction scheme used. As the Relative-
OID value is greater than 14, the Precursor cannot directly encode this value and signals that the
Relative-OID is encoded separately as defined in D.5.5.3 with the value 02;,. This is then followed by
the length of the compacted data.

The data associated with Relative-OID 17 compacts as 54 1C. This 2-byte string is neither locked nor
shall be block aligned. It can be encoded as output from the encoder. Adding the Precursor, the Relative-
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OID and length byte makes for a total length of 5 bytes. The Precursor shall be set to indicate that it is
followed by a directly encoded Relative-0ID, so has the bit sequence:

_02

to indicate that no Offset follows;

— 011, to indicate the compaction scheme;

— 1111, to indicate that the Relative-OID is separately encoded.

The Precursor has the hexadecimal value 7F and is followed by the byte with the value 02 indicating
the Relative-OID = 17. So, the fourth dataset of 5 bytes has the byte string of:

7F 02 02 54 1C

The d3

P.2.5

Relatiy
encodg

The fi
01D, fo
alignni
length

— 0,
— 11
— 11
The P1f

bytes has the byte string of:

The d3

P.2.6

The complete encoding.is shown in Table P.1, with the locked bytes shown in bold and altet

shadeq

taset is marked-up as not requiring locking.

Encoding the fifth dataset

re-OID 14 was presented with the six hexadecimal characters "A2B3C4", so th
bd as the three bytes A2 B3 80.

th dataset requires a Precursor that identifies the compaction’scheme used and|
llowed by the length of the compacted data. The previous,dataset and this one req
ent, so this dataset is abutted at the end of the previptis-encoding. Adding the |
byte makes for a total length of 5 bytes. The Precursorhas the bit sequence:

to indicate that no Offset follows;
0, to indicate the compaction scheme;
10, to indicate the Relative-OID.

ecursor has the hexadecimal value 6Eiand is followed by the length byte. So, the fift

6E 03 A2 B3 80

taset is marked-up as notxrequiring locking.

The complete data segment

| for illustration purposes.

Table P.1 — Complete data segment

bse are to be

the Relative-
1ires no block
recursor and

h dataset of 5

nate datasets

91 01
08 00
2B DC
54 5E
14 D6
4E 80
80 80
80 80
c7 00
05 04
2C 72
61 98
19 04
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P.3 Encod

Table P.1 (continued)
01 32
91 5F
TF 02
02 54
1cC 6E
03 A2
B3 80

inc the ht:arlnt'ccwgnnnl1f
(=]

Account shall
150 two byte

— The Acce

— Astheon

— The last fjve bits are set = 11111, to indicate an extended Data-Format;
— Thereforg¢, the first byte = 1101111, = DF,;
— The second byte encodes the value of the (Data-Format - 32) = 150, - 32, = 118, = 764.

These two byjtes shall be considered for block alignment of the\header segment. The following

determined:

a) The Profi
b) The head
c¢) Thelock-

d) The length of the complete Tag Data Rrofile is "header segment + data segment” = ?? + 24, a

undetern

e) As the siz

f) Asthe DSFID already takes.up two bytes of the 8-byte block, b = 6 and is encoded 06,;

g) The valug
h) Two padl

The complete

200

be taken that the DSFID is encoded in user memory, and as this has the Data-Eerma
are required for the DSFID. For information and completeness of this example:

bs-Method = 11,, encoded in the leading bits of the first byte;

y extension is for the Data-Format, the next bit is 0;

leID = 123, which can be encoded in a single byte = 7B;
b1 size cannot be determined until other component values are established;

block size is 8 bytes, encoded as 08;

ined, but certain to only xequire one byte;

e of (a + ¢ + d) is only 3 bytes, it is clear the (b) will only require one byte;

of (d) can bedetermined as 6 + 24 = 30, which is encoded as 1E;
pytes arerequired.

encoding of the header segment is: 7B 06 08 1E 80 80.

kt value

can be

nd still
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Annex Q
(normative)

Basic encoding rules for Multiple-Records Access-Method

Q.1 Overview

The b3

Multiple-Records. These rules also cover generic aspects for encoding hierarchical recer
in Annex R.

The Mpiltiple-Records Access-Method comprises the following components:

sic encoding rules defined in this annex support the encoding of homogeneous onh

eterogeneous

ds, as defined

— A MR-header (see Q.2) shall be encoded as the first entry in the Logical Memory and precede all

inflividual records. The MR-header may be locked or unlocked, orsselectively locked.

— A peries of records that can support single records, multiple instances of the same t
hierarchical records, and data element lists. Each record«comprises a preamble fo

en

Method.
— Optionally, a directory, which should be encoded fof larger logical memories.

The MR-header, all the records, data element listsjand entries in the directory shall be
The MR-header may be locked, or unlocked, or.seléctively locked.

EXAM
En

En

The MR-header and individual records may have an assigned memory capacity that ig
ed for the initial enicoding. This is to enable additional data to be correctly encoded within the

requir
bound
some |

Q.2 |

coding of the data in the record, which complies with thé.encoding rules of the nomi

PLES
coding on a Type C tag shall begin and end on a word boundary.

coding on an ISO/IEC 180003 Mode 1 tag shall begin and end on a block boundaryj

hries defined for the record. This mechanism is also useful to align records, or the
jardware feature such as a lock block boundary, or some file access mechanism.

Encoding the Multiple-Records header

ype of record,
lowed by the
nated Access-

block aligned.

greater than

MR-header, to

Q.2.1

Byte structure of the Multiple-Records header

The MR-header for the Multiple-Records Access-Method shall begin in the lowest addressable block in
memory. The MR-header shall comprise several mandatory and conditional components defined in the
following subclauses. The structure is illustrated in Table Q.1.
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